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SECTION 1
SUMMARY

ROUISE S

This document presents the dsE¥Erine version of expert knowledge for the

onboard navigation (ONAV) entry syste
background information together with
that the system &It contain.

does

m. Included herein is some brief
information describing the knowledge
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SECTION 2
NTRODUCTION

2.1 BACKGROUND

Developing detailed requirements for an expert system involves a series of
meetings with various combinations of development team and expert person-
nel. During these meetings, avalilable information is reviewed and opera-
tions and functional processes of the proposed system are discussed.

Different issues are addressed in each meeting where relevant techniques
and details are refined and documented. Broad areas are covered by early
meetings with specific details being identified quickly. Information
typically is captured in the form of rules, heuristics, or concepts along
with associated background and functional specifications. As this
information is refined and expanded, more detailed rules are formulated.

2.2 SCOPE OF THIS DOCUMENT

The target audience for this document is the knowledge domain expert. It
- a reflection of "what the system knows" in a form as close as pos-
sible to the expert's language.

Required changes to this document are expected in the future. In partic-
ular, efforts to integrate this document into console operator training
activities will subject the contents to the utmost scrutiny. gPdates will
be made as needed and in a timely manner. As suvck s Pevised vers, a0

Hs boseline Jocomeny Reppesents Ha fireT et 7Hes@ e‘/mBﬁOAQ“KQS'
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SECTION 3
SYSTEM INFORMATION BASELINE

-

The following subsections detail the various subsystem rule baselines for
the ONAV entry expert system. Each subsection is divided into five parts.

General Information

General information provides for background types of information or
assumptions made in other parts. If no information is available or
required to clarify general concepts and approaches, only the word
-none- need be given. The intent is to provide any information that
helps develop and clarify rules, concepts, or heuristics.

Inputs

Inputs should give descriptions of those data items or other informa-
tion used to perform the processing conducted in part c. If possible,
the information sources should be specified as well.

Rules/heuristics/concepts

Rules/heuristics/concepts give the specifications for the processing
which must occur (or, in the case of rules, for the pieces of expertise
which must be gathered). The content may be rules, but it also may
consist of tables, figures, flowcharts, etc. as appropriate for speci-
fying what is to be done.

Outputs

Outputs should indicate what information is generated and available as
a result of the processing performed. Any available destination infor-
mation also should be included.

Support Computations

Support computations make convenient the specification of repetitive
computations/manipulations needed as part of the processing activity,
but which are not integral elements of the rules, heuristics, and
concepts information.
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INITIAL CONDITIONS
General Information

The selected atmosphere model must be checked as part of the expert
system's initial processing. Information about the atmosphere model
comes both from the ONAV operator (as an input) and from the telemetry
downlist giving the onboard atmosphere selected by the crew.

The primary avionics software system (PASS) and backup flight system
(BFS) should be in Major Mode 304 after blackout. Ignore the major
modes of systems that are not operating.

Inputs

(1) Major mode PASS

(2) Major mode BFS

(3) BFS engage

(4) Selected atmosphere

(5) Desired atmosphere (ONAV input) . :
(6) BFS NO GO (ONAV input) (7) Gmm\(uoH ctetus FASS
N (%) Commtodd status BFS

qég%;gi%s&&:ﬁf

Rules/heuristics/concepts

(1) Engaged System

IF »
- Q;g BFS @Pe/ngage@?: 's ON
THE

- The BFS is the engaged system
ELSE
- The PASS is the engaged system.

L
2) System Availabilit ) - P A

IF

- The BFS is engaged

THEN

- The BFS is the only system available.

<
(3) System Availability(EEEEE:é)‘ — pess erey
IF 2

- The BFS is not engaged

- The BFS is NO GO

THEN

- The PASS is the only system available.

jea
(4) System Availability ~ beth
gl

IF

- The BFS is not engaged

- The BFS is GO

THEN

- Both systems are available.

3.1-1



- ) ) 87FM15

(5) Wrong Atmosphere Selected

— IF Y ch -
- @he PASS I3)the engaged system
- The ONAV operator-desired atmosphere is not the same as the

mosphere

THEN e

3.}A - Notify operator that crew has incorrect atmosphere selected.
- Recommend call to crew to select the desired atmosphere.

EE? Wrong Major Mode
/7 IF

- For the available systems
- The major mode is not 304
THEN
4:’“‘>\ - Notify the operator that the (system) is in the wrong major mode.

—Kil_ZEi/,_. - Recommend call to crew to select Major Mode 304 in the (system).

d. Outputs

(1) PASS sequencing problem
(2) BFS sequencing problem ékkveot/fn(cffooT

ﬁ'@m
— (4) System availability
(5) EngW(é> S?‘,c;/ua ('omm‘;édﬂ ommpe-o/ol\oaﬁ
_— e. Support Computations
RE@mfeJM .

/t{/—ea%cu&ate—desrred-item entry to select the atmosphere correctl?%):

- Nominal (SPEC 51 item 37)
- Cold {(SPEC 51 item 38)
- Hot (SPEC 51 item 39)
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3.2 TELEMETRY STATUS
a. General Information
The telemetry (TLM) status tells the operator how much data is.being

downlisted. This is important since some variables are not available in
low data rate.

b. Inputs
, : <~ 1ime
E;; g?; g::;li:t: g/Un };h)fes f)}ooo. f,c-,o ;-Z:/z/sés
(3) Low data rate / ?PMP‘-,\\,CF LopHhan e ta !l
c. Rules/heuristics/concepts e T
\ s -
Télemetry Status Change R
IF
- The current status is not the same as the previous status
THEN .

- Notify the operator of a telemetry status change.

/

d. Outputs

(1) TLM status (high, low, or none)
(2) Status change message

e. Support Computations

None.

3.2-1
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RUNWA ' :

3.3 SANHINCEITE

a.

General Information

It is important for the ground (GND) and onboard runways to match
because delta state updates are computed in runway coordinates.

Inputs

(1) I-load runway names and slots

(2) Desired runway (name or slot number) (ONAV input)
(3) PASS runway (slot number)

(4) BFS runway (slot number)

(5) GND runway (name)

(6) System availability

Rules/heuristics/concepts
2
(1) (Check, GND Runway ,7 ncerrect
I
- The GND runway (name) is not the same as the desired runway (name)
THEN
- Notify operator that the selected GND runway is in error.
- Recommend call to Guidance Officer (GDO) to have trajectory change
the GND runway.

(2) (Check)Onboard Runwayﬁjrncawreo*

IF

- For the available systems

- The system runway (slot) is not the same as the desired runway
(slot)

THEN

- Notify operator that the system has selected the wrong runway.

- Recommend call to crew to select proper runway.

Qutputs

(1) Runway selection error mes S S

(3) Ttem entry for prinary/sccondary % (43 Posied rursce i st T puchin
Support'Computations

Calculate desired item entries to select the runways correctly.

For actual and desired runways in the same area,

/ \
Desired = primary - SPEC 50 item 3, ( /seor sk pAwfdrn:
Desired = secondary - SPEC 50 item uﬂ Sk R Y N RS
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For actual and desired runways in different areas,

primary - SPEC 50 item 41 + area
secondary - SPEC 50 item U1 + area item Y

Desired
Desired

where area = (desired slot + 1)/2 truncated to an integer.

3.3-2
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3.4 INERTIAL MEASUREMENT UNITS (IMU's)

This section is divided into three major parts: availability, error growth,
and recommended actions. .

3.4.1 Availabjility

The purpose of this section is to determine which IMU's are available for
use by navigation (NAV) or why an IMU is not available, and to note any
changes in availability. Note that the check for good IMU's is to determine
(1) how many IMU's can be used in the error detection and isolation sec-
tions, (2) if the IMU is independent of redundancy management (RM), and

(3) if it is not a check of which IMU's are available.

3.4.1.1 PASS Availability

a. General Information
hone.

b. Inputs

(1) IMU selection filter command
(2) Commfault flags

(3) String commfault flags

(4) RM failure flags

(5) Select/deselect flags

(6) BFS engage

¢. Rules/heuristics/concepts

(1) IMU Commfault PASS

IF PASS

- The, arS’is engaged

- An IMU was not commfaulted in the PASS previously

- The commfault flag for that IMU is on in the PASS

THEN

- Notify operator that an IMU is commfaulted {(unless the whole string
is commfaulted).

- ((v\' dﬁ +u" Il -’.‘ cnave tabie o yvhe PDaas AJoe fe e cemmtaclt

(2) TMU Commeaurt’ clear BASs (Fart 15"

IF  ppss

- The &F§ is éf:ﬁ engaged

- An IMU has been unavailable to the PASS due to commfault

- The commfault flag for that IMU is off in the PASS

- The fail flag or deselect flag for that IMU is on in the PASS

THEN

- Notify operator that the commfault has cleared (unless it was a
string commfault).

- Conclude that the IMU is unavailable to the PASS due to failure or
deselect, whichever flag is on.

~ Cenalde ro ITMu Rm Tred.cTien
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(4)

(5)

(6)

(7)

(8)
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IMU Commfault Clear PASS (Part 2)

IF PASS .

- The @015 ; engaged

- An IMU has been unavailable to the PASS due to commfault.

The commfault flag for that IMU is off in the PASS

The fail flag for that IMU is off in the PASS

The deselect flag for that IMU is off in the PASS

THEN

- Notify operator that the commfault has cleared (unless it was a
string commfault).

- Conclude that the IMU is now available to the PASS.

— Concvde ro ITmu g prediorion

IMU Failed PASS

- The @é}? is O engaged

- An IMU has been available to the PASS

- The fail flag for that IMU is on in the PASS

THEN

- Notify operator of IMU failure.

- Conclude that the IMU is unavailable to the PASS due to failure.
—conclvde we ITmn Pm Predicrion

IMU Deselected PASS

IF PASS )

- TheAGESfis engaged

- An IMU has been available to the PASS

- The deselect flag for that IMU is on in the PASS

THEN

- Notify operator of crew deselection.

- Conclude that the IMU is unavailable to the PASS due to deselect.
— Conalvde no ITmu Rea paedio mie &

IMU Reselected PASS

IF PA% ,

- The 653523 Q:E?gﬁgaged

- An IMU has begfunavallable to the PASS due to failure or deselect
- The fail flag for that IMU is off in the PASS.

- The deselect flag for that IMU is off in the PASS
THEN

- Notify operator of crew reselection.

- Conclude that the IMU is now available to the PASS.
- Cerelde nc Imu Rm predicrion

Three Good IMU's

IF PAST o

- The is not engaged

- All three IMU's are not commfaulted in the PASS

- All three IMU's are good

THEN

- Conclude that three good IMU's are in the PASS.

Two Good IMU's

IF i h‘7( C‘/}"‘/

- The, 1s @‘ engaged

- IMU A is not commfaulted in the PASS
- IMU A is good

- IMU B is not commfaulted in the PASS

3.4-2
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- IMU B is good

- IMU C is commfaulted in the PASS or suspect N
THEN

- Conclude that we have two good IMU's in the PASS.

(9) One Good IMU
IF pAoQ
- The BE3 is 6ok engaged
-1 A is not commfaulted in the PASS
- IMU A is good
- IMU B is commfaulted in the PASS or suspect
- IMU C is commfaulted in the PASS or suspect
THEN
- Conclude that we have one good IMU in the PASS.

(10) No Good IMU's
IF 5O g7
- Thqj?ES isqﬁﬂf%ﬁgaged
- All three IMU's are compfaulted in the PASS or suspect
THEN ne ac 0c
- Notify operator of, IMU; shertage in the PASS.
- Conclude that we have no good IMU's in the PASS.

Outputs

(1) IMU good status
(2) IMU downmodes

IMU upmodes
((3_3 Tman ppppal,c*r,‘(m) mol-ca?vﬁ

Support Calculations

None.

.1.2 BFS Availability
General Information

When the BFS is engaged, the expert system cannot keep track of IMU
deselections and reselections except in certain situations.

Inputs

(1) Commfault flags

(2) String commfault flags
(3) Hardware failure flags
(4) BFS IMU "
(5) BFS &0 GO auefeb /7]
(6) BFS engaged

(7) IMU deselect flag

3.4-3
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¢. Rules/heuristics/concepts

(1) IMU Commfault BFS
IF
- The BFS is avalilable
- The commfault flag For that IMU is on in the BFS
THEN
- Conclude that the IMU is not available to the BFS due to commfault.

- Notify operator of IMU commfault (unless the whole string is
commfaulted).

(2) IMU Commfault Clear BFS (Not Engaged)

IF

- The BFS is available

- The BFS is not engaged

- An IMU was unavailable to the BFS due to commfault

- The commfault flag for that IMU is off in the BFS

THEN

- Conclude that the IMU is available to the BFS (if the fail flag is
off) or unavailable due to failure (if the fail flag is on).

- Notify operator that commfault has been cleared (unless the whole
string is commfaulted).

(3) IMU Commfault Clear BFS (Engaged, Part 1)

IF

- The BFS is engaged

- An IMU has been unavailable to the BFS due to commfault

- The commfault flag for that IMU is off in the BFS

- The fail flag or deselect flag for that IMU is on in the BFS

THEN

- Notify operator that the commfault has cleared (unless it was a
string commfault).

- Conclude that the IMU is unavailable to the BFS due to failure or
deselect, whichever flag is on.

(4) IMU Commfault Clear BFS (Engaged, Part 2)
IF
- The BFS is engaged
- An IMU has been unavailable to the BFS due to commfault
The commfault flag for that IMU is off in the BFS
The fail flag for that IMU is off in the BFS
- The deselect flag for that IMU is off in the BFS
THEN
- Notify operator that the commfault has cleared (unless it was a
string commfault).
- Conclude that the IMU is now available to the BFS.

(5) IMU Failed BFS
IF :
- The BFS is available
- An IMU was available to the BFS
- The fail flag for that IMU is on in the BFS
THEN

3.4-4
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(7

(8)

(9)

(10)
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- Conclude that the IMU is unavailable to the BFS due to failure.
- Notify operator of IMU failure in the BFS. -

IMU Deselected BFS (Not Engaged, Part 1)

I’F-ﬂ\; BFS 1o rn‘l e’f\qagpco

The BFS is available

The BFS was mid-value selecting IMU's

All IMU commfault flags are off in the BFS

All IMU fail flags are off in the BFS

- The BFS is prime selecting an IMU

THEN

- Notify the operator that BFS has changed IMU status due to crew
action, ) o~ N :

- N,j,{/» f{x; 0‘-/’(’!0771? 7%4471 BES ;3 now frme Pbe/ﬂ«ﬁﬂé; on IT MW

IMU Deselected BFS (Not Engaged, Part 2)

IF 2

- The BFS is @, ava e bl

- The BFS is not engaged

- The BFS was prime selecting an IMU

- The commfault flag for that IMU is off in the BFS

- The fail flag for that IMU is off in the BFS

- The BFS is now prime selecting a different IMU

THEN

- Noti?y operator that the formerly selected IMU has been deselected.

"/\b} \.‘1 apé&aﬁk Shat BFS /s how f“’me se/Pcrz)»'(, a (J,ngml I mu

IMU Deselected BFS (Engaged)

IF .
- The BFS is Qﬁf,La./a,/oé/e
- The BFS is engaged

- An IMU has been available to the BFS,,

- The deselect flag for that IMU is on the BFS

THEN g

- Notify operator of crew deselection in the BFS.

- Conclude that the IMU is unavailable to the BFS due to deselection.

IMU Reselection BFS (Engaged)

IF

- The BFS is engaged

- An IMU has been unavailable to the BFS due to failure or deselect
- The fail flag for that IMU is off in the BFS

- The deselect flag for that IMU is off in the BFS

THEN

- Notify operator of crew reselection.

- Conclude that the IMU is now available to the BFS.

IMU Change BFS

IF »

- The BES is EO 7 4%

- The fail flag or commfault flag for an IMU is on in the BFS

- That IMU was the prime selected IMU or the BFS was mid-value
selecting

THEN

- Notify operator of a change in BFS IMU status due to commfault or
failure.

3.4-5
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d. Outputs

(1) BFS downmodes
(2) BFS upmodes
(3) Changes in selected IMU in the BFS

e. Support Calculations

None.

3.4.2 Error Growth

This section's purpose is to detect an IMU that is going bad, isolate which
IMU is going bad, predict whether that IMU will fail in the next minute, and
determine the magnitude of the IMU error.

3.4.2.1 Error Detection

The comparisons in this section can be done with an IMU that is not availa-
ble for NAV. This is done only so that, if there is a problem at the two
IMU level, the IMU not available to NAV can be used to help isolate the bad
IMU in some circumstances. The term "valid" in the following sections means
that an IMU can be used in comparisons with other IMU's; it does not refer
to the overall health of an IMU or to its suitability for use in the onboard
system.

All comparisons are either good, over half of the RM threshold, or over the
RM threshold.

3.4.2.1.1 Velocity comparisons.-

a. General Information
None.
b. Inputs

(1) Velocity differences
(2) IMU status (PASS)
(3) engage

¢. Rules/heuristics/concepts

(1) Valid Velocity 0
IF pPASS |5 P-\of«qec&
- The ®ES_15 not engagédie
- An IMU is not commfaulted
- That IMU is good or is suspect due to drift
THEN

- Conclude that velocity comparisons with that IMU are valid.

3.4-6
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Invalid Velocity co
IF Pass 14 enaqe
- The (BFS

- An IMU is commfaulted or is suspect due to anything but drift
THEN

- Conclude that velocity comparisons with that IMU are invalid.

-

Velocity Comparison (Par& 1)

IF PASS s Phaage

- The §F5 18 not enéaéed)—é

- IMU A is not commfaulted

- IMU B velocity is valid

Velocity comparison A-B is different from IMU A's earlier velocity

comparison status

- IMU C velocity is invalid

THEN

- Change IMU A's velocity comparison status to current A-B comparison
status.

Velocity Comparison (Pan} 2)

IF PASS s ?'\gmjr’d’

- The €ES{s not engaged

- IMU A is not commfaulted

- IMU B velocity is valid

- Velocity comparison A-B is some status (call it status-1)

- IMU C velocity is valid

- Velocity comparison A-C is some status (call it status-2)

- The smaller of status-1 and status-2 is different from IMU A's
earlier velocity comparison status

THEN

- Change IMU A's velocity comparison status to the smaller of status-
1 and status-2.

Outputs

Velocity miscompare indicators.

Support Computations

2.1

None.

.2 Attitude comparisons.-

General Information

None.

Inputs

(1)
(2)

Attitude differences
IMU status (PASS)

(3)/BF3, engage
Pt ASS

3.4-7
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Rules/heuristics/concepts

(1) Valid Attitude CC
IF  pASD > engaqeC
- TheBFS_is not engaged>—%
- An IMU is not commfaulted
- That IMU is good or is suspect due to accelerometer blas
THEN
- Conclude that attitude comparisons with that IMU are valid.

(2) Invalid Attitude
1F FASS s on g5 (e
- The (BFS _is not engage :
- An IMU is commfaulted or is suspect due to anything but bias
THEN
- Conclude that attitude comparisons with that IMU are invalid.

(3) Attitude Comparison (Part 1)

IF qu =5

- The, @F3,is (ot engaged

- IMU A is not commfaulted

- IMU B attitude is valid

- Attitude comparison A-B is different from IMU A's earlier attitude
comparison status

- IMU C attitude is invalid

THEN

- Change IMU A's attitude comparison status to current A-B comparison
status.

(4) Attitude Comparison (Part 2)

I_F-,’Le PASS 's ewgagec

= IMU A is not commfaulted

- IMU B attitude is valid

- Attitude comparison A-B is some status (call it status-1)

- IMU C attitude is valid

- Attitude comparison A-C is some status (call it status-2)

- The smaller of status-1 and status-2 is different from IMU A's
earlier attitude comparison status

THEN

- Change IMU A's attitude comparison status to the smaller of status-
1 and status-2.

Qutputs
Attitude miscompare indicators.
Support Computations

None.

3.4-8
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3.4.2.1.3 Accelerometer (ACC) comparisons.-

a. General Information
None.
b. Inputs

(1) ACC differences
(2) IMU availability (PASS)
(3) Reference IMU

(4) ACC delta-T i
(5 PASS eng ochCQ

¢. Rules/heuristics/concepts

(1) Valid to Use ACC Comparison

IF DRSS

- Thg(EES?%s ﬂ:ﬁsﬁﬁgaged

- The ACC delta-T > 30 sec
THEN

- Valid to use ACC comparison.

(2) valid ACC
I_FTKA_ Pass 's (’V\CAQ(SC’&
- An IMU is not commfaulted
- That IMU is good or is suspect due to resolver
THEN
- Conclude that ACC comparisons with that IMU are valid.

(3) Invalid ACC CQ
IF 7¢ PASS 15 ehqaq el
- An IMU is commfaulted or is suspect due to anything but resolver
THEN
- Conclude that ACC comparisons with that IMU are invalid.

(4) ACC Comparison (Part 1)

IF A4, AASS 1y ewgqaqed

- IMU A is not commfaulted

- IMU B ACC is valid

- Worst axis ACC comparison A-B is different from IMU A's earlier ACC
comparison status

- IMU C ACC is invalid

THEN

- Change IMU A's ACC comparison status to current A-B comparison
status.

(5) ACC Comparison (Part 2),

{EF{Q,PASS:E evqage

- IMU A is not commfaulted

- IMU B ACC is valid
Worst axis ACC comparison A-B is some status (call it status-1)
- IMU C ACC is valid

- Worst axis ACC comparison A-C is some status (call it status-2)
The smaller of status-1 and status-2 is different from IMU A's

3.4-9
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earlier ACC comparison status

THEN

- Change IMU A's ACC comparison status to the smaller of status-1 and
status-2.

(6) Worst Comparison
%"‘J"CO

I.F T« [PASS 5 en
- Exactly two good IMU's are available

- Those two IMU's disagree in any way
THEN
- Conclude that two-level isolation must be used to determine which
of the two IMU's has a problem.
Qutputs
ACC miscompare indicators.

Support Computations

None.

2.2 Error Isolation

2.2.1 Three-level isolation.-

General Information

At the three-level with no suspect IMU's, use the following fault matrix
with a miscompare indicated for an IMU if it disagrees with both of the
other IMU's. '

A table drawn up to categorize the type of error that probably exists
when problems have been isolated to a component is as follows:

VEL ololylylyloly
ATT olylolylo|yly isolated or not
ACC ylojloJolyl|lyly
L.ATT and VEL problems
drift
bias
L resolver

___ probably velocity

L probably attitude

L_,probably attitude

3.4-10
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NOTE: ACC means either ACC-x, ACC-y, or ACC-z.
o means okay; Yy means yes, there is a problem (i.e., an IMU
miscompared with both other IMU's).

Inputs

(1) Velocity miscompare indicators
(2) Attitude miscompare indicators
(3) ACC miscompare indicators

(4) IMU availability (PASS)

Rules/heuristics/concepts

Three-level Component Isolation

IF A%, —

- The BES is (o} engaged

- There are three good IMU's

- An IMU disagrees with the other two IMU's
THEN

- Use the fault matrix to determine the problem with the IMU.
- Notify operator of an IMU problem.
Outputs

IMU quality rating.

Support Computations

None.

2.2.2 Two-level isolation.-

General Information

When a miscompare exists between the two remaining good IMU's, four
methods can be used to determine which IMU has the problem. The results
of these methods is combined via a voting scheme.

® Methed 1. Check A/GND and B/GND (where A and B are the two remaining
IMU's) to see if exactly one is over the threshold. If so, vote 1
for that IMU; otherwise vote zero for both.

® Method 2. Check state vectors A and B to see if exactly one is bad.
If so, vote 2 for that IMU; otherwise vote zero for both IMU's.

® Method 3. Let A be the reference IMU for the ACC comparison. 1If ACC
miscompares are in the X-Y plane or in the Z axis (but not in both),
vote 1 for A.

e Method 4. 1If IMU C is valid in velocity, attitude, or ACC, use valid
comparisons with IMU C to check IMU's A and B. If exactly one IMU
disagrees with C, vote 1 for that IMU. See section 3.4.2.1 for a
definition of a valid comparison,

3.4-11
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If either IMU outvotes the other by two or more, that IMU is declared
suspect. .

Once the IMU has been isolated, use comparisons with the other  IMU and
the fault matrix in section 3.4.2.2.1(a) to determine the problem with
the bad IMU.

Inputs

(1) 1,2,3/GND IMU differences
(2) 1,2,3/GND state errors
(3) Velocity miscompare indicators
(4) ACC miscompare indicators
(5) IMU availability (PASS)
(6) Reference IMU
(7) IMU quality rating
High-speed trajectory determinator (HSTD) status
(7) enaaqe & symTIm

Rules/heuristics/concepts

(1) Two level GND Comparison
leo PASS 12 Q"\GS’J(%eCQ
STD is good
-~ An error between IMU's A and B has been detected at the two-level
- Worst axis GND-IMU A comparison is some status (call it status-a)
-~ Worst axis GND-IMU B comparison is some status (call it status-b)
- GND-IMU comparison has not yet voted
THEN
- When status-a = status-b, vote zero for both IMU's.
- Otherwise, vote 1 for the IMU with the larger difference and zero
for the other IMU.

(2) Two-Level GND Cannot Voi§\
Ip7ie PASS (s ongT ¢
- An error between IMU's A and B has been detected at the two-level .
ND comparison

- The is not good
- GND-IMU comparison has not voted yet
THEN

- Vote zero for IMU's A and B.

(3) Two-level State Comparison _
IF‘T(‘\ P‘A’S s elchcS"(\k - %ﬂ()k S?QT/Q) P an .\3 (44 07/"'(’

- HSTD is goqg__,__,—————"”—"

- An error between IMU's A and B has been detected at the two-level
(state comparison>—.—&
-¥State-A comparison is some status (call it status-a)
L/”vState B comparison is some status (call it status-b)
- State comparison has not voted yet
THEN
- When status-a = status-b, vote zero for both IMU's.

3.4-12
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- Otherwise, vote 2 for the IMU with the larger difference and zero
for the other IMU, ~

Two-level ACC Comparisgn

IFTJ PASS > engage
An error between IMU's A and B has been detected at the two-level
ACC comparison

- IMU A {s the reference for ACC comparisons

- X-axis ACC comparisons A-B is some status (call it status-x)

- Y-axis ACC comparisons A-B is some status (call it status-y)

- Z-axis ACC comparisons A-B is some status (call it status-z)
- ACC comparison has not voted yet

THEN

- If status-x, status-y, and status-z indicate the error lies in the
X-Y plane or Z-axis of IMU A, vote 1 for IMU A; otherwise, vote
zero for IMU A,

- Vote zero for IMU B.

Two-level ACC Cannot Vote

IF v7e pPASS s enc ec(»

- An error between I s A and B has been detected at the two-level
ACC

- Neither A nor B is the ACC reference IMU

- ACC comparison has not voted yet

THEN

- Vote zero for both IMU's A and B.

Partial IMU Velocity

IF‘f{‘Q m55 S er\ O R 3

< An error be%ween IMU s A and B has been detected at the two-level
partial IMU velocity

- IMU C velocity is valid

- IMU A's velocity comparisons with IMU's B and C is some status
(call it status-a)

- IMU B's velocity comparisons with IMU's A and C is some status
(call it statuss b)
- Partial IMU“%SHparlson has not voted yet

THEN

- When status-a = status-b, vote zero for both IMU'qﬁF,/;4’B

- Otherwise, vote 1 for the IMU with the larger difference and zero
for the other IMU.

Partial IMU Attitude A

IE‘M PARSS s p/\os(l(\s(?f&
An error between IMU's A and B has been detected at the two-level
partial IMU attitude

- IMU C attitude is valid

- IMU A's attitude comparisons with IMU's B and C is some status
(call it status-a)

- IMU B's attitude comparisons with IMU's A and C is some status
(call it stat )
Partial IMU émparlson has not voted yet

THEN

- When status-a = status-b, vote zero for both IMU' %f Aa 3

3.4-13 <
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- Otherwise, vote 1 for the IMU with the larger difference and zero
for the other IMU. -

Partial IMU ACC

IF 4o PASS /s enga &

> &n error between IMU's A and B has been detected at the two-level
partial IMU ACC

- IMU C ACC is valid

- IMU A's ACC comparisons with IMU's B and C are some status (call it
status-a)

- IMU B's ACC comparisons with IMU's A and C are some status (call it
status-b) ecolepation

- Partial IMU comparison has not voted yet

THEN

- When status-a = status-b, vote zero for both IMU's.,

- Otherwise, vote 1 for the IMU with tne larger difference and zero
for the other IMU.

Partial IMU Cannot Vote

IF e pASS s cranae

- An error between 's A and B has been detected at the two-level
partial IMU

- IMU C is invalid in velocity, attitude, and ACC

- Partial IMU comparison has not voted yet

THEN

- Vote zero for IMU's A and B.

Two-level Vote Count

ngﬁa PASS is enomqg

Z GND-IMU comparison rules have cast v1 votes for an IMU
¥State comparison rules have cast v2 votes for that IMU
- ACC comparison rules have cast v3 votes for that IMU

- Partial IMUXgomparison rules have cast vd votes for that IMU
THE = Pacriac ImiU. alt compRi>on Rul€s pase casT VS votes for tlatTmid

~ Popl/AL T | QCC COMPaRSON RACS |0u . ;
- Compute vote total for the IMU &S v1 + 2T VLTS have cosT VG yotes for et Imu
+v5 + VE

Two-level IMU Isolation

iZ—LFTﬁe PASS 15> engqaqed

(12)
|13

- Votes for IMU A exceeded votes for IMU B by two or more
THEN
- Conclude that IMU A has an error.

Two-level Component Isclation

IF Ha PACS o ovnsrged

- An error between IﬂU s A and B has been detected at the two-level
component isolation

- IMU A is the one with the problem

THEN

- Use the fault matrix to determine the problem with IMU A.

- Notify operator of the problem.

- Clear the miscompare indications for IMU B.

3.4-14
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(}33 Two-level Cannot Isolate
[4’1FTM,P%€S i> ﬂﬂ“je&
tes for IMU A did not exceed votes for IMU B by two or more
- Votes for IMU B did not exceed votes for IMU A by two or.more
THEN
- Notify operator that the IMU error cannot be isolated.

(1§) Change IMU Quality él
IF 4o Pass 15 engqege

15 T an MU was,diagnosed as having a problem,previously .
- That IMU's comparisons now indicate a different diagnosis
- The new indicated diagnosis is a bias, resolver, or drift, or

is no problem at all

THEN
- Update the IMU's quality rating to reflect the new diagnosis.
- Notify the operator of the new diagnosis.

@,

Outputs
IMU quality rating.
Support Computations

None.

.2.3 Error Magnitude
General Information

It is desirable for notification messages to contain the following in-
formation: who, why, and magnitude. For example, "IMU# <who> has a
<why> of <magnitude>; It <should/should not> fail." Magnitude
information is used to make the "should/should not" determination.

Algorithms exist to do this, including using the largest compare
(largest valid compare).

Inputs

(1) IMU quality rating
(2) Velocity differences
(3) Attitude differences
Rules/heuristics/concepts
(1) Bias Magnitude

IF PA< 1S Che ’IC{PCQ
- IMU A has an accelerometer bias

- IMU B velocity is valid A e e pcd g o T AF
- IMU C velocity is invalid or IMU C, ‘has a-&EEEfEﬁEﬁRﬂni ‘than %?

THEN

- Compute the magnitude of the bias using the A-B pairwise velocity

comparison.
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- Notify operator of the magnitude of the bias.

(2) Resolver Magnitude Q
c

IF PASD 15 enaaq®
-1 A has a resolver error

- IMU B attitude is valid p,,pe me Jor b AL oremns #Ho _;muﬂ’e” o
- IMU C attitude is invalid or IMU C ﬁ; i%EEE:EEEEEEEthan 5? emfparIOr
THEN
- Compute the magnitude of the resolver error using the A-B pairwise

attitude comparison.

- Notify operator of the magnitude of the resolver error.

(3) Drift Magnitude
IF yte PASS 5 0w OcSQCQ
- IMU A has a drift
- IMU B attitude is valid A-c (o"fn mﬂﬁk7<J(C*an¢k _
- IMU C attitude is invalid or IMU @ has a than ? Tmu A3 cenpe
THEN
- Compute magnitude of the drift using the A-B pairwise attitude
comparisone , asd #< wmdal misalsmment of 4
- Notify opérator of the magnitude of the drift.

d. Outputs

(1) Accelerometer bias
(2) Drift rate
(3) Resolver error

e. Support Computations V‘gf

For velocity (bias),
magnitude = 20
(SQRTlargest-valid-velocity-difference)

(units of micro-g's)

For attitude (resolver),
magnitude = deg/rad *
(SQRT largest-valid-attitude-difference)
(units in degrees)

For attitude (drift),
magnitude = sec/hour * (resolver-t - resolver-o) /
(t - t-0)
(units in deg/hr)
o is at some initial time (e.g., deorbit prep). Resolver-t and
resolver-o are computed by the resolver magnitude equation above.

It should be noted that, at the two level, for example, if IMU 1 is
failed, 2-3 is the compare to use.

3.4-16
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3.4.2.4 Failure Prediction
a. General Information

Failure prediction is based on miscompares which exceed an RM threshold.
Recall that error detection and isolation are based on miscomparisons
exceeding half of an RM threshold.

b. Inputs

(1) IMU selection filter command
(2) Velocity differences
(3) Attitude differences

c. Rules/heuristics/concepts

(1) Three-level Failure Prediction
IF
- Onboard IMU RM is at the three-level@@rg‘/
- Exactly two pairwise differences exceed the fail t reshold in
either velocity or attitude
- A failure has not been predicted yet
THEN

- Predict RM will fail the IMU common to the two pairs that exceed
the thresholc&."'d netfy opeRraTOR

(2) Three-level No Failure Prediction

IF

- Onboard IMU RM is at the three level r dict'on’JEi—‘

- All three pairwise differences in velocity or attitude exceed the
fail threshold

- A failure has not been predicted yet

THEN ad red S5 qwmﬁw

- Predict IMU RM will not take any actiogﬁ

(3) Two-level Failure Prediction

IF

- Onboard IMU RM is at the two level(téfiﬂre;protectioﬁ?‘éz:——

- IMU A is available but not good

- IMU B is available and good

- IMU's A and B differ in velocity or attitude by more than some

threshold
- A failure has not been predicted yet 7%Lf
THEN net 4 ; 0,3{1,0&719/: ‘

- Predict an RM action and 4ndd IMU A is the one that needs to be
failed. “ =

Check Bite . (\\~/
When at two level and IMU A has bite and IMU B is bad, predict that - '
RM will fail the wrong IMU. This must consider the possibility of

needing a test on previous rules to know that IMU RM will do anything

at all.
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Outputs
Predicted IMU failure.
Support Computations

None.

3 Recommended Actions

RECOMMENDIATION S
3.1 PAS3 IMUA*eG—'reﬁe—e.—

General Information
None.
Inputs

(1) IMU availability (PASS)
(2) IMU quality rating

Rules/heuristics/concepts

(1) Reselect IMUA,u,'rL on€ oR 7‘\ﬂ€€ ST*?‘/ENA\)
IF
- An IMU is unavailable to the PASS due to deselection
- That IMU is good
THEN
- Recommend that IMU be reselected (after zero delta state if three-

state NAV is still active)gﬂz 5 0R pecommend thd Twmu be RPSP&*Q"&Q

i% 3'5)"‘7‘/9 MNeu ;5 '\(77‘ qCT:
(2) Help IMU Dilemma Ve .
IF
- IMU RM is in dilemma
- IMU A is available to the PASS and is good
- IMU B is available to the PASS and is not good

THEN ) o — feammc
- Recommend deselecting IMU BA.h pesde Tmu d{ mrma

(3) Cannot Help IMU Dilemma
IF
- IMU RM is in dilemma
- IMU A is available to the PASS
- IMU B is available to the PASS
- Either A and B are both good or A and B are both not good
THEN
- Notify operator that dilemma cannot be resolved.

{(4) Incorrect IMU Failure
IF
- IMU A is unavailable to the PASS due to failure

3.4-18
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- IMU A is good

- IMU B is available to the PASS .

- IMU B is not good

THEN .

- Notify operator of incorrect RM isolation and recommend switching
to IMU A.

(5) Deselect Commfaulted IMU
IF
- An IMU is unavailable to the PASS due to commfault(féE:EEEE:EEEEEEj)-(Z
/4fE;—_—N- That IMU has not been deselected

THEN
- Recommend deselecting the IMU.

d. Outputs

PASS deselect/reselect messages.
e. Support Computations

None.

RECOMMNDATIONS
3.4.3.2 MSIW&Mﬂﬁmth

a. General Information

A general rule for BFS IMU's is that an IMU should not be available in
BFS if it is g?t available in PASS, unless it is the only one left in
BFS. T+ shoutd be nctel H.T He we Lew number ass/oned 7o <

5 ?r}];)::;\s Imu W= ,s of I’V‘/\C‘RTQW'LQ R cerT.A p@0¢“1m9‘1J071/C/d§.

(1) IMU availability (BFS)
(2) BFS IMU
(3) IMU quality rating

¢. Rules/heuristics/concepts

(1) Deselect IMU in BFS
IF
- IMU A is not available to the PASS
- IMU A is available to the BFS
- IMU B is available to the BFS , )
THEN T L- Im ‘A B S 30(1&\

- Recommend deselecting IMU A in the BFS.

(2) No BFS IMU's
IF
- The BFS is on IMU A
- IMU A is unavailable to the PASS
- Neither IMU B nor IMU C is available to the BFS

3.4-19
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THEN
- Notify operator of IMU shortage in the BFS. -

Change BFS IMU (Part 1)

IF

The BFS is on IMU A

IMU A is not good

IMU A is available to the PASS

- IMU B is available to the BFS

IMU B is good

Either IMU C is unavailable to the BFS or has a higher number than
IMU B

THER
- Recommend deselect/reselect IMU A to put the BFS on IMU B.

Change BFS IMU (Part 2)

IF

- The BFS is on IMU A

- IMU A is not good

- IMU B is available to the BFS and is good

- IMU C is available to the BFS but is not good

- IMU C has a lower number than has IMU B

THEN

- Recommend deselect/reselect IMU's A and C to put the BFS on IMU B.

Qutput
BFS deselect/reselect messages.
Support Computations

None.
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3.5 STATE VECTORS

3.5.1 tate Error Status

—

a. General Information

IF GROUND COMPARES AVAILABLE
Use this table [see note 3]

GND-PRI GND-BFS PFS-BFS Call to Guidance
> > N/A PASS has (error) [see note 1]
UPDATE XFER BFS has (error)
LIMIT Limit Need ST. VECTOR UPDATE; No XFER is
required
" > N/& PASS has (error)
GAL BFS has (error)
Need ST. VECTOR UPDATE; No XFER is
required
" IN N/A PASS has (error)
Limits BFS is GO

Need ST. VECTOR UPDATE;
No XFER is needed

> > >GAL PASS has (error) [see note 1]
GUIDE XFER BFS has (error)
ADV. Limit Need ST. VECTOR XFER
LIMIT " <GAL PASS has (error) [see note 2]
(GAL) BFS has (error)
No XFER is needed
" > N/A PASS has (error)
GAL BFS has (error)
" IN N/A PASS has (error)
Limits BFS is GO
IN > N/A PASS is GO
LIMIT XFER BFS has (error)
Limits Need ST. VECTOR XFER
" > N/A PASS is GO
GAL BFS has (error)
" IN N/A PASS and
Limits BFS ARE GO

3.5-1
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NOTE 1: Unless the GND-PRI is about to violate the update criteria, the
transfer will take out a significant amount of error in the BFS.
Otherwise, it might oe better to wait for the GND-PRI error to
violate the update criteria and treat it appropriately.

NOTE 2: The error taken out by a transfer is not significant in this case.

NOTE 3: Prior to main engine cutoff (MECO)
DELTA STATE
Post MECO
WHOLE STATE

IF GROUND COMPARES NOT AVAILABLE
Use this table

PFS-BFS IMU-Situation Call to Guidance

> Two IMU Level (error) between PASS and BFS

XFER One BAD IMU BFS better than PASS so

LIMITS BFS on Good One NO XFER needed [see note 4]
" all (error) between PASS and BFS

Other Cases Need state vector transfer

> N/A {error) between PASS and BFS

GAL

IN N/A PASS and BFS are TRACKING

LIMITS

NOTE 4: A transfer would make the BFS as bad as the PASS.

VERIFY STATE VECTOR UPDATE

when |GND-PRI->"0
lcall "Guidance the update is onboard"

VERIFY STATE VECTOR TRANSFER

when [GND-BFS ~ GND-PRI or PFS-BFS ~ 0
I[CALL "Guidance we see the transfer"

b. Inputs

(1) HSTD health

(2) GND-PASS

(3) GND-BFS

(4) PASS-BFS

(5) System availability

3.5-2
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(6) Delta time (DT) (PASS-BFS state vector time tag difference)

¢. Rules/heuristics/concepts

(1) State Error Change _jle HSTO IS 3“’”59
IF
- For,available systems
- The system worst axis error is different from what it was on the
previous cycle
THEN
- Record the new worst axis status.

(2) Report State Error

1 - Fer

ﬂ\g qdfu/aé/e 57’5737'\3
THe HSTD s qeod
- More than 60 sec have elapsed since the last report
THEN J_ C'P' e ‘/OR (‘+
-Khepeﬁi the error on every axis whose status i{s the same as the
worst axis.

(3) PASS and BFS Timing Problem
IF
- The HSTD is not good
- Both systems are available

P is a timing problem between the PASS and the BFS.

- The DT is > |O. 0003!
Tﬂgy,[, operator hat
(4) PASS BFS Error Change
IF
- Both systems are available
- No timing problem exists between the PASS and the BFS
- The HSTD is not good
- The PASS-BFS worst axis error is different from what it was on
the previous cycle
THEN
- Record the new worst axis status.

(5) Report PASS BFS Error
IF
- Both systems are available
- No timing problem exists between the PASS and the BFS
- The HSTD is not good .
- More than 60 sec have elapsed since the last report of PASS-BFS

errors
ﬂmNﬂidfycpcwkﬁ,o{

(4593eﬁeft the error on every axis whose status is the same as the
worst axis.
d. Outputs

(1) State error messages
(2) Timing problem between the PASS and the BFS

3.5-3



Support Computations

The following table is valid for GND-PASS, GND-BFS, and PASS-BfS:

Luspect

1.5K
3K
3K

Update/

XFER

87EM15

Update/ Update/
M50 | UVW | |Suspect XFER Suspect | XFER
Z 0] 6K 12K 3K 6K
X v 24K 48K 3K 6K
Y W 24K 48K 3K 6K
dz du 50 75 50 75
dX dv 50 75 50 75
dY dW 50 75 50 75
OBH > 130K OBH < 130K
and
> 90K

Results from this table will be such that

GND-PASS = good/suspect/over
GND-BFS = good/suspect/over
PASS-BFS = good/suspect/over

All units are in ft and ft/sec.

3.5.2 Delta State Update

a.

General Information
None.’
Inputs

(1) HSTD status

(2) GND-PASS

(3) GND-BFS

(4) Engaged system

(5) Doing a delta state (ONAV input)

(6) Drag auto/inhibit/force (AIF) flag
(T i tgatd ACANQ AIF flag
(8);gip~data transdu (SADT%? AIF flag
Rules/heuristics/concepts l

(1) Need Delta State

I-F - H’sTD 15 ‘3"(’&
- For the engaged system

3.5-4
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- GND-system shows the system is above the update limits
THEFA ° %n"’ /.rpﬂ“
(3”1 delta state, is needed.

(2) Okay for Delta State
IF T;‘? HeTD 1% oo
- A delta state is needed
- GND and engaged system runways are the same
THEN
- Recommend a delta state update.

(3) Not Okay for Delta State
IF rfba HSTD I's g
- A delta state is needed
- The GND and engaged system runways are not the same
THEN
- Notify operator that a delta state is needed but(::gg;%;;re is a
runway mismatch.

(4) Inhibit Filter Processing
IF The HTD s e
Z Doing a position and velocity delta state
- For the engaged system
- The drag, TACAN, ang/ADTA flag are NOT inhibited
THEN
- Notify operator that (sensor) is not inhibited and needs to be
inhibited before the delta state (include Item entries).

(5) Delta State Is in BFS
IF
- BFS is engaged
- Delta-state is in progress
- GND-system errors weregnot close to zero(gsgvious{z_)
- GND-system errors are now Close to zero - 2
;T Qoo {\*)

THEN, -0\ orepator
Yt Ra a5 ©C0URRg
-;Repg:z that state update &.&—5 d 1~ Hee BES

Outputs

(1) Delta-state recommendation

(2) Delta-state NO GO due to runway mismatch
(3) Inhibit measurement recommendation

(4) Delta state in

Support Computations

"Previously not close to zero" and "are now close to zero" refer to a
comparison between the current measurement and previous measurement.

st e pbpehen Sf”‘ﬁ”'f’ PNBORG = BESENC pACT=5Y
TACAN JI\A A to=, Yen 9\9
Deae anh b b = siem 23
ADTA l/‘/);/);f - )}Ph" ‘QC
3.5-5
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3.5.3 BFS Transfer -
a. General Information

None.,
b. Inputs

(1) HSTD status
(2) GND-BFS
- (3) System availability
(4) PASS state error status
(5) PASS-BFS state error status
_ (6) PASS-BFS timing problem status

MW

c¢. Rules/heuristies/concepts

(1) Need Transfer-+Paf%b44———ﬁzz____.

IF
- - Good HSTD do
- Both systems available shows the BFS s™7€ S
- GND-BFSY> update limit Poss /are €RRR srrvs J'S 5‘):”)96""
— - PASS state error status is good , oR e ; +
[-3‘3 A THE and Tho PAS _BFS sredMs i's sosprcTol
- Recommend a transfer to the BFS.

- (2) Need Transfer (Part —
IF o
- Good HSTD

- - Both systems available \\\

- GND-BFS > update limit

- PASS state error status is suspect’\\

- No PASS-BFS timing problem \\\\\
- - PASS-BFS status is suspect or bad —

THEN I

- Recommend a transfer to the BFS. \\\\\\

- /Uo Frm NG ePFRLF exisTs
petween T PASS & BES

(3) Need Transfer (Part 3) N
IF
- The HSTD is good
- Both systems are available
- GND-BFS > update limit
- Delta-state is in progress
- THEN
- Notify operator that a transfer will be needed after the state /
vector update. /

. (4) Do Not Do a Transfer (Part 1) _
IF Y,
- The HSTD is good ’
- - Both systems are available
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(2)  Transfer In

TIF

- m PASS - 3Fs Pas,)(r‘o,v o/.*g\Pﬂono\OSoRe
now olese 7o eRro ‘

— The ASS -BFS Fos/'yl/'o/u o Herences were
rot olose Yo gero proviovs [y

THEN

— /Vofh[/\" 0/’@07(0‘& 7%01} BES sransfeRr /s,

(3) U Q’?le y’)ﬂé’\//bt)s /)OSS BELs eRRroR O/ISQ‘AQ’U’HAM_

TF )
- Jle pASS -BES poss hon of Fheroncos are

dfferent from  uwhat 7‘40; WORE o
#’/\Q J)R@U,'OL)_S (‘;/C/e

THEN

- /,p]a%e ) p,@pu,bus PASS -BFS omnpn
ol‘ ' "@R@mopg
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- GND-BFS > update limit

- PASS state error status is suspect

- PASS-BFS state error status is good

THEN

- Notify operator that no transfer is needed because it will not
improve the BFS much.

(5) Do Not Do a Transfer (Part 2)
IF
- The HSTD is good
Both systems are available
- GND-BFS > update limit
- PASS state error status is suspect
- There is a PASS-BFS timing problem
THEN
- Notify operator that NO transfer is needed because we are not
sure how much it will improve the BFS vector.

(6) Transfer When No HSTD
IF
- The HSTD is not available
- Both systems are available
- PASS has at least one good IMU
BFS prime selecting is bad or suspect IMU
PASS-BFS error is bad
- No PASS-BFS timing problem
THEN
- Recommend a transfer to the BFS (any other situation could possi-
bly corrupt the BFS with a transfer).

Outputs

(1) Transfer recommendation
(2) i g transfer €,¥a754$
3> PASS - BFS eprol A tfeprentoS
upport Computations

None,

3.5-7
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3.6 THREE-STRING STATE VECTORS

General Information

87FM15

Three-string NAV is active when the number of microwave landing system
(MLS) measurements processed by NAV is zero and the PASS is the engaged

system,

Inputs

(1)
(2)
(3)
(4)
(5)
(6)

HSTD health
GND-1,2,3 state errors
State differences

3

IMU fail and commfault flags

IMU health
Delta state in

Rules/heuristics/concepts

(1)

(2)

(3)

Ground-to-State Comparison

IF 3 _<dede nau > acyive
- The HSTD is good

THE ;T@//aw/)\lo. pa/og gssume T-sSrale
pew 53 acTive by defaolt These s
O URReNT LY No )>,oou;‘s)b/u .o f-pan;,v(/mm&
from J-srate fop3-sr=le after the

> 1 TrRans, Yior OCAURS,

- A state vectorjhad a certain quality rating previously ,
- Comparison with the ground indicates a different quality

THEN

- Change that state vector's rating to the quality indicated by the

ground comparison,.

State-to-State Comparison (Part 1)

IF 3_<+ate nav i's cerju € '
~ AIl three IMU's arem&, A\/al/a[)/€

- The HSTD is not good

- State A previously had a certain quality rating
- Comparison with states B and C indicates a different quality

THEN

- Change the quality rating of state A to that indicated by com-
parisons with states B and C.
B and C. Do this check if an IMU is not available because it has
been deselected. This will enable ONAV to check the state vec-
tor's health before the IMU can be reselected.

Use the best rating between states

State-to-State Comparison (Part 2)

IF 3—31‘};‘;"‘ Nnav s derive

:'Two;fMU's are

t

- .ﬁﬁ; et fa ;‘}t

fol—commiaulted—« .
The HSTD is not good er—pet-availeble— -

- State A previously had the same rating as state B
- IMU A previously had the same rating as IMU B

THEN

State A comparison with state B has a different rating

- Change the quality ratings of both states A and B. ~Ne€4£y_opena:\_f,f;-—*
e imabtit + el : ; I . :

— Az*ﬂgf chPu+tpe L ,/oljj? o je//t~Ak(xs*%*u R4 %/yﬂcl A“W(.

3.6-1
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(4) State-to-State Comparison (Part 3)

EFTE&m‘L&a:&a'?‘ue d ada/ﬂéfe

The HSTD is not good er—ne—t-—mﬁzb’te—é/

- State A had th n state B previously,

- IMU AAhA\d a better rating than IMU B previously

- State A comparison with state B has a different rating
THEN

- Change state B's quality rating to the new one; leave state A's
quality rating as it was.

(5) State-to-State Comparison (Part 4)
IF 3-Stale Aav 3 acr/Ve. R
:'Two;?f 's are net—eemmfauntted—< 0‘/0//5'!7/6
- i 2 or—availahle ©
The HSTD is gtsgood

- State A had y r rating k34 state B,previousl /
- State A comparison with state B has a different rating(than state’

, :
TW

- Change state B's quality rating to the new one; leave state A's
qQuality rating as it was.

(6) Zero Dell:,a State Occurred
IF 3-spete wav 3 acrve ii——
- Azdeffa state W_} /\as nc'/' [De’(—'n ﬂ@(‘onmefvcﬂiﬁ N g
- All three pairwise state differences go to zero
THEN
- Notify operator that zero delta state occurred.

(7) Delta State Occurred
IF - s*fa*e nav 3 aaTive

- A,delta state&m} has been k@tommpfvo(.@OQ

- All three pairwise state differences go to zero

THEN v. CQ
- Notify operator that delta state 453w hos been /’)PR‘L’Q meC

d. Outputs
( W\smce quality.

G2 de/ra "Syate Xi//g\ 3 =vate nav
e. Support Computations P <

Same as in section 3.5.1.5.

1

(g> 3 - S\fg‘/(o [alex% /;05 ()ylef
IF

I

cewde nev 3 acrve
£ NSRS e fe sy S
Pe€ i /7»"C'<‘<—:Z<~C(
HEN
7: /cmc[ucc( Hot 3-sreh
3.6-2 neeu 'S ne /(r\(jéﬂ
(20ah s NVE
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- 3.7 DRAG ALTITUDE

_ 3.7.1 Drag Flag Status

a. General Information

Drag altitude is used for limiting altitude errors. This group watches
for changes in the drag filter flag.

— b. Inputs

(1) Filter flags
(2) System availability

c. Rules/heuristics/concepts

- (}\ Drag Filter Flag Changed

IF

- For available systems

- The current value of the drag filter flag i;ﬂdifferent from its
previous value

THEN

- Conclude that the value has changed.

- Notify the operator, @EZ;he new valugg> PROCESS

Cs

pofoFmeJJS

d. Outputs
- (1) Change in the drag filter flag
(2) New value of the drag filter E}gg___,;, (3> Droe € Hee Flog valve mes sag e
- e. Support Computations (4 DR'AB precees e onded messaq€
None.

3.7.2 Drag Recommendations

a. General Information

This group determines a recommended setting for the drag altitude AIF
- switch. ’

b. Inputs

(1) Edit ratio for drag

(2) Drag AIF flag

(3) Position and VEL delta state flag
- (4) Onboard altitude

(5) System availahility

3.7-1
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Rules/heuristics/concepts .

(1) Force Drag
IF

For available systems

The drag edit ratio is greater than one(ﬁt)
Drag is not being forced

Delta state has not been recommended

- The altitude is greater than 85,200 ft
THEN e

- Recommend forcing drag.

(2) Auto Drag
IF
- For available systems
The drag edit ratio is less than one(ﬁ:)
Drag is inhibited or forced
Position and velocity delta state has not been recommended
- The altitude is greater than 85,200 ft
THEN e
- Recommend that drag be placed in AUTO.

(3) Inhibit Drag
IF
- For available systems
- Drag is being forced
- The altitude is less than 85,200 ft
THEN "
- Recommend drag be inhibited.

Outputs

(1) Drag altitude quality
(2) Recommended AIF setting

Support Computations

None.

3.7-2
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3.8 TACTICAL AIR NAVIGATION

3.8.1

a.

TACAN Configuration

General Information

BTFM15

This group makes sure that all line replacement units (LRU's) are tuned

to the correct channel.

The following ONAV inputs are assumed:

- Desired channel number (default is the PRIMARY in the selected runway

area; other inputs are SECONDARY or NONE)

- Toggle capability status

The following flowchart gives an overall look at TACAN configuration
information:

channel no.

Proceed to next
rule set

Inputs

(1) Engaged system
(2) Desired TACAN

Rules/heuristics/concepts

(1) Skip TACAN
IF

TACAN Skip
channel = TACAN's
none

Runway Skip

is in good TACAN's
config.

TACAN TACAN
channel no. Yes channel no.
NEQ desired EQ other ch

in sel area

l

Skip
TACAN

¢TACAN channel = NONE ¢

THEN

- Disable the rest of the TACAN checks.

3.8-1

Toggle

Yes | TACAN
No Put TACAN

——» in GPC

mode

- The wrong runway is selected in the engaged system (or desired ;—J:Ei_



—

@5&: Channel Changed

() s

d.

87FM15

IF

- Al11 LRU's are tuned to a different channel than before
THEN ppf, $7 o eRafor of the

- ﬁuﬁz}phange in the selected channel.

Toggle TACAN Due Fo Wrene Chauwne |

IF f{ N

e 2 The engage SYSTEM

- fﬁg selected chghnel is not the desired channel

- The selected channel is in the correct area of the site table
THEN

- Recommend toggle TACAN to get to the desired channel.

- Tadicate Ph=t TACAN s ne-go {or The 00\3@30& SrSTEM
General Purpose Computer (GPC) Mode

If_lf:o@ fhe egaged syrorem

Z The selected channel is not the desired channel

- The selected channel is not in the correct area of the site table
THEN

- Recommend that the TACAN's be put in GPC mode.

-Tuckicate Hat TACANA i ALWﬁcvﬁm§7%€.@ngqy¢r[ SrsrEm
Fix LRU Channel

IF For +H.e 9;\%0c59& Srsjgm

- One LRU is not tuned to the desired channel

- At least one other LRU is tuned to the desired channel

THEN

-~ Recommend that the mistuned LRU be put in GPC mode

- Tndicate Hhat TACAm S I\G-’So for Ha ongog-e sreJem

(i)TACAN channel status. _
(33 6Pc mede Reoo-MMOf\oOq’}w‘Js
Support Computations

e.

3.8.

None.

2 TACAN Availability

General Information e(o SyYSTEM

This group determines which LRU's are available in the szs: It also
determines why the unavailable LRU's are unavailable.

An LRU is available in range and/or bearing if it is

Not commfaulted (LRU-level consideration)
Not failed in range or bearing
Not deselected (LRU-level consideration)

- Powered on (LRU-level consideration)

3.8-2
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Notify operator of changes in availability through the use of status
lights. There is an overall total of six outputs - three for range and
three for bearing.

Inputs

(N
(2)
(3)
(4)
(5)
(6)

Engaged system
Commfault flag
Deselect flag
Power flag
Fail flag
Lockon flag

Rules/heuristies/concepts

(1)

(2)

(3)

(4)

TACAN Commfault

IF

- For the engaged system ¢ (j .

- A TACAN LRU was notAEETgéggl&gglgzgxiggggifnoﬂ»PCWv?P?C cw
- The commfault flag for that LRU is now on

THEN

- Notify the operator that the LRU is commfaulted (unless the whole

string is down).
- Conclude that range and bearing from the LRU are no longer avail-

able commfault.

TACAN Commfault Clear

IF

- For the engaged system

- A TACAN LRU was,commfaulted previously

- The commfault flag for that LRU is now off

THEN

- Notify the operator that the commfault has cleared (unless the
whole string is down).

- Conclude that the LRU has the status indicated by the fail and
deselect indicators.

TACAN Deselect

IF

- For the engaged system

- A TACAN LRU has been available in either range or bearing

- The deselect flag for that LRU is on

THEN

- Notify the operator of crew deselection.

_ Conclude that the LRU is unavailable in range and bearing due to
deselection,

TACAN Power Off

If

- For the engaged system

- A TACAN LRU was, powered on previouslyy

- The power indicator for that LRU is now off

3.8-3
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THEN
- Notify operator that the LRU has lost power.
- Conclude that the LRU is not available due to loss of power.

-~

(5) TACAN Power On
IF
- For the engaged system
- A TACAN LRU “a%‘EQEE§§S_%§ELELQXLQBELXJ
- The power indicator For that LRU is now on
THEN
- Notify the operator that the LRU has been powered on.

- Conclude that the LRU has the status indicated by the fail and
deselect indicators.

(6) TACAN Failed

IF

- For the engaged system

- A TACAN LRU measurement was available

- The fail flag for that measurement is on

THEN

- Notify the operator of the failure.

- Concludg’thagj&@asurement is no longer available due to failure.
(7) TACAN Reselected

IF

- For the engaged system

- A& TACAN LRU has been unavailable due to failure or deselect

- The deselect flag for that LRU is off

- Both fail flags for that LRU are off

THEN

- Notify the operator of crew reselection.

- Conclude that the LRU is now available in range and bearing.

(8) TACAN Locked

-iEFea—%he—oagaged_sxsLem______———-————————-J:Z————
- No LRU's weregqlocked on  previously
- An LRU is locked on a measurement
THEN
- Notify the operator that TACAN is locking on.

{(9) No TACAN Locked

IF po f2u wons PF“"‘“'”/7 lach‘(p o preasePeEMme T

-”No LRU is locked on a measurement
THEN
- Notify the operator that TACAN lost lock.
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d. Outputs

(Df. LRy availability

7
(2” » lock status
e.

Support Computations

None.

3.8.3 TACAN LRU Quality

a. General Information

This group checks LRU measurement errors to determine which LRU's have
a problem and what the problem is.

Six quality ratings are possible: three for range and three for bear-
ing. Quality ratings are based on a line fit of the 10 most recent
samples of the errors on each LRU. The line fit is computed with the
least squares method, where time is an independent variable.

For comparison purposes, TACAN RM can fail one-half of an LRU (e.g.,
range or bearing), whereas IMU RM fails all of an LRU (i.e., there is
no differentiation between VEL and attitude).

This section may need respecifying to enable the handling of

- Channel changes

- Lack of ground data (relative quality compares) using sigma, m
(slope), and b (intercept)

- Use of raw TACAN data (NOTE: Holes in data preparation are implied;
do not put raw TACAN data of any sort into the fact base currently)

The four quality types (noise, bias, timing, and good) are character-
ized as follows:
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-~

- Noise (based on the sigma of the line fit
L~ o exceeding a threshold)

—_— S

<;@Lz&~ /b“fz-

\ Timing (based on the slope of the line fit
exceeding a threshold)

\ . .
Bias (based on the intercept of the line fit
ol oo, exceeding a threshold)
™ —
‘< L
L Vine
,;:.—-——"_'—/_ sc) ‘
o R Good ',
50 '\& (L
Bearing computations should be disabled within the cone of confusion
(elevation is > 35 deg). Range processing can continue.
WHEN CHECKING BEARING PLOT
IF

- Any range asymptote > +0.2 nautical mile (n. mi.) [see note 1]
THEN
- Range is/are bias.

IF

- Any range form random pattern > +0.2 n. mi.
THEN

- Range is/are noise.

IF

- Any bearing asymptote > +1 deg

THEN

- Bearing is/are bias.

1F
- Any bearing forms random pattern > +2 deg

3.8-6
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- Bearing is/are noise.

87FM15

NOTE 1: Determines whether range/bearing problem is bias and/or noise.

Range
Bearing Bias Noise Good
[Note 2]
BIAS COMB COMB RBBN
NOISE COMB COMB RBBN
GOOD RBBN RBBN TAKE
TACAN

NOTE 2: Uses matrix to determine which section to go to.

COMB
RBBN

combination section
PASS RANGE/BEARING
BIAS/NQISE SECTION

" n

TAKE TACAN = data good call

"Take TACAN"

b. Inputs

(1) HSTD status

(2) GND-OB range errors

(3) GND-0OB bearing errors
(4) Relative range errors
(5) Relative bearing errors
(6) LRU availability

(7) Cone-of-confusion status
(8) Raw range data

(9) Raw bearing data
(10) Engaged system

c¢. Rules/heuristics/concepts

Determine LRU quality while locked for range and bearing measurement.
However, do not check bearing measurements while in the cone of confu-

sion. Perform the checks in the following order for the engaged

system:

U) b‘ﬁ (Ilgne of Confusion
- In the cone of confusion
THEN

- Ignore bearing measurements.
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(2) Use GND-OB Errors to Determine Status

IF .
2 YR - The HSTD is good _
' THEN FW"L\ medsuRe AT
- The selected errors,are the GND-OB errors.

[

QZ) Use Relative Errors to Determine Status

4 IF

- The HSTD is not good ,
THEN fop cach measY
- The selected errors _are the relative errors.

N
(§) No Quality RatingQFart T'= - absolure
IF

- The HSTD is good - ek Zﬂe ‘“‘3”‘1@& I

- A TACAN LRU is‘fatlHESEEEKiéfor is unlocked in the measurement
THEN

- Set temporary rating to NONE.

() No Quality Rating " _ relative

IF

& _ The HSTD is not ood A - For 7he ?“SQ‘Y"Q Srs7Em

a 423’/\ LR . emmtine&

- Measurement A" IS or unlocked¢_Qm;mnasu@4mmwnfip-{fid
THENS >

“i—T“’f SamQ MmEasy o N
- Set temporary rating to NONE. KOmM{:;:Hpﬂ O:if,’\";::’zj « LRU B,y

pewmen

Noise

IF

- The selected error's noise (spread) is greater than half that of
the RM threshold

THEN

- Temporary rating = Noise.

——

(7) :z. . Q_A ASS"W\ +9MP£QP”T Ow‘l+7 baS?p ON VV’I\SQ./':)IQ$ - S/afe

- IF pr zRU hao & £7 /6 0kar ine. bosed pn considen iwg . sefecrep errors o€ y\o,ge/b;qs/
: y b\ anc¥ c/o,w‘-

THEN

_ - MMJA% Co.«o/«x‘Qa, ‘7‘“0'3‘ %Q AR hes ﬂcd Ra%/)v‘é
(8) Bias T v .
IF

- " -~ The selected error's bias (offset) is greater than half that of

the RM threshold
THEN
_ - Set temporary rating = Bias.

(9) Good
IF
— - No temporary rating (not noise, timing, bias, or none) is given
yet

— \_’_‘//
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(%?3 Determine LRU Measurement Rating (Part 1)
IF
- HSTD is good
THE

g&@ﬁrement rating = Temporary rating.
-ZPotential dilemma flag = OFF.

(}A3 Determine LRU Measurement Rating (Part 2)
q -ﬁ\t oncque sSrsieEm

- ﬁle HSTD is not good

- All three measurements are available and locked

THE

(9“§¥s measurement rating = Better rating (of good, suspect, or bad)
- GéFtween temporary ratings for AB's and AC's relative errors.

otential dilemma flag = OFF.

— (}2) Determine LRU Measurement Rating (Part 3)

IF FoR ‘ﬂ\e ewnce rzq?& Sys7eEm

= The HSTD is not good

- Two measurements are available and locked
- - Both measurements' previous ratings are equal

THEN (g oot

SHicasurement rating for both measurements = Temporary rating for
— heir relative error.

ff et potential dilemma flag to ON.

()4) Determine LRU Measurement Rating (Part 4)
il IFFGF-}MW\QQ el sysTEm
HSTD is not good
- Two measurements (A + B) are available and locked

—_ - Measurement A's previous rating is better 4e£.gaad,—suspeo&7—ef——£2\

than measurement B's previous rating

PEla v ’ .
—ﬁgéﬁgggasurement A rating Previous measurement A rating.
. asurement B rating = Temporary rating for the AB relative

§rror
/ otential dilemma flag = OFF.

(M) Determine LRU Measurement Rating {Part 5)
| 2 IF For e gy ed sroTEm
- The HSTD is not good
- Only measurement A is available and locked
- Measurement A's previous rating = NONE
- Measurement A's raw data noise (spread) is greater than half that
- of the R threshold
THEN L ¢ Hu i
((h s measurement rating
se%APotentlal dilemma flag

Noise.
OFF.
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(15) Quality Rating Change (Part 1)
IF ‘/Q_/ .
- A measurement rating has changed

- Potential dilemma flag = OFF .

THEN
- Notify operator of change.

()5) Quality Rating Chang-&,

IF

3 - A measurement rating has changed!;:ffjf’
) /\(»‘/m ‘/[ql d, kmma {orp’, hon

THEN
- Notify operator of the change and.%hqs\the expen;_syszgm_capneez;;\
.deLei?in3—uh%ch-tRU"EEUESP‘the—changerf._

}‘)‘799  On %‘L ’C*pn *l‘ d, /O}nmq ‘F]aﬂ S‘;ﬂ#‘ag

d. Outputs
(;) Gua b3y padine change messge

lights and/or-messagesi— 7

e. Support Computations

n
gS, 0T noise (drives stat
4 ( lISB\

Noise, bias, and slope quantities are computed from a line fit computa-
tion. Take the last 10 data points when doing the fit. For data drop-
outs, either continue over skip or begin determining line fit over
again. After a channel change, restart the line fit computation for
the LRU whose channel changed.

3.8.4 TACAN Filter Flag Changes

a. General Information

This group watches for changes in the TACAN data good flags and filter
flags.

b. Inputs
None.
c. Rules/heuristics/concepts

(1) TACAN Filter Flag Changed - The oot rlue ot a TACAN i Her L
IF ﬁ L anythine BT cf4

- For the engaged system

- The «cUFrend valie ofiéi$ﬁeﬁﬂ—£4¢t%§kflag is different from its

. 4}
/f}~~ Srevious value
- THEN

- Note the new value.
- Notify the operator if the new value is "process."
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(/) TACAN Data Good Flag Changed

2 IF -
- For the engaged system
- The current value of a TACAN data good flag is different from its
previous value
THEN
- Notify operator of the new value.

933 TACAN Dilemmanc7oouppf£l
IF

4P - For the engaged system
- TACAN dilemma flag is on for either measurement
THEN
- Warn the operator.'/l‘“+a Tacan p/emme oo VRRED
A

Outputs

)) Notify operator of changes in the filter and in the data good and

dilemma flags.
Support Computations

None.

3.8.5 TACAN Toggle Recommendations

a.

b.

General Information

This group determines whether or not the TACAN ground station has a |
problem. If it does and if a backup is available, toggling is
recommended.

The following general comments should be embodied in the rules speci-
fied later:

If the same non-good quality rating exists on all locked LRU's (minimum
of two) for either range or bearing, assume ground station is bad and
request a toggle.

If only one LRU is locked, LRU has an error and is below 130K altitude.

If none locked over to be determined (TBD) sec below 130K ft, there may
be a bad ground station.

Inputs

(1) Available LRU's
(2) Locked LRU's

{3) Toggle available
(U4) Altitude

(5) LRU status flags

3.8-11
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(6) Runway area
(7) Desired TACAN channel .

Rules/heuristics/concepts

(1) Ground Station P:ﬁblem (Part 1)
IF Fox & onqaqect syszm
- At least two LRU's are locked on to the same measurement
- All locked LRU's are exhibiting the same problem

THEN, ., oporaTor
;Mat the ground station has a problemoad-a—eiigh—i-s@
_!;u_e_dg_de-_’_/[- Conclude Hat a Foan/e ss neede

r—WNOTE: The above rule could be specified as two rules as foII;;;t“\\\

(a) Three Locked \
IF
- Number of LRU's available and locked is three
- At least two LRU's have same non-good quality (noise or bias)
- For bearing or range
THEN
- Request a toggle.

(b) Two Locked
IF
- Number of LRU's available and locked is two
- Both LRU's have same non-good quality (bias or noise)
! - For bearing or range
| THEN
' - Request a toggle.

(2) Ground Station Problem (Part 2)
IF Foe the erngeaed srsiem
- Only one LRU is available
- That one LRU is locked
- That one LRU has an error
THEN o, 4, opereter
-;ﬁene}aég>§hat the gropnd station has a problem.
~ Cenelde o fogale 1> neededl
(3) One LRU Locked Less Than 130K Altitude
IF
- Only one LRU is locked
- That one LRU has an error
- The altitude is less than 130 000 £t and 9Rpw4eﬁ-74kh\ scoc 1
THEN p 5§y ¢ por Feb "
o that the ground station has a problem.
— ¢trohds @ toaale s reedel o
OTE: The following might be considered more specific théhwfhe-‘7“4gzi§_
preceding:
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(a) One Locked LRU - Others Not Available
IF
- Number of LRU's locked is one
- That one LRU has a non-good quality rating (bias or ndise)
- No other LRU's are available
- For bearing or range
THEN
- Request a toggle.

(b) One Locked LRU - Others Available
IF
( - Number of LRU's locked is one
- That one LRU has a non-good quality rating (bias or noise)

\ - Other LRU's are available (one or two units)
\ - Altitude is less than 130 000 ft
\ THEN ‘

) - Request a toggle. ——

(4) None Locked at Less Than 130K Altitude
IF

- No LRU's are locked R
- The altitude is less than 130 000 ftﬁ«anﬁ‘gﬁﬂﬂfg“ Han 5000 £

THEN ,, 4, fy opRi7oR
-Cogéiuiﬁzphat the ground Stifizﬁ has a problem.

- (onclo o fegale /3 neede /\
NOTE® ~The Tollowing rule could be considered similar to the above
rule:

Zero Locked LRU's ‘/@
IF .

- Number of LRU's locked is zero
- For greater than TBD sec
- Altitude is less than 130 000 ft

THEN
- Delay error checking for transitory changing of lock.

(5) Incorrect Channel for Runway Aréa ———————
IF
- Runway area is correct

- TACAN channel is not correct for that area )
THEN ’/Q

- Recommend call to crew to put TACAN on correct channel.

(ﬁ6 Do a Toggle

!5' IF
- A toggle is needed
- Toggle capability is available
THEN ;- e pmend. Th opai fOR
-AChange the desired TACAN channel to the other channel in the

current area.
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(]6 Do Not Do a Toggle

IF -
4; - A toggle is needed

- Toggle capability is not available

THEN

- Do not do the toggle.

d. Outputs
(7>To le Requests /- Sﬂébggding toggle requests when in an Operationa%//)”_éii/'
Ttuation does not permit the toggle to be handled also. —

!12 TACQN meusuReMPAT STATTI S MESSageS
" Support Computations )

None.

3.8.6 TACAN Deselect Recommendations

Because of the large number of inputs (deselects, fail flags, commfaults,
lockon flags, measurement errors, etc.), it is impractical to try to enum-
erate all possible states requiring a deselect. Instead, the deselect
recommendations are based on a generate-and-test method. For a given
state, appropriate combinations of LRU's are proposed for deselection.
Each combination is then evaluated based on predicted impact on navigation
and the "best" combination is chosen for recommendation to the operator.

3.8.6.1 LRU's for Deselect
a. General Information

This group looks at problems with the LRU's to determine which LRU's
might need to be deselected. If none, quit.

b. Inputs

(1) TACAN dilemma

(2) TACAN quality ratings
(3) TACAN availability
(4) TACAN lock status

(5) Altitude

(6) TACAN data good

(7) TACAN fail flag

(8) Go for TACAN

{9) Two lock flags

¢. Rules/heuristics/concepts
(1) TACAN Dilemma A

U’Fcn‘ﬁw>ercq'yq\ Y 7B
- TACAN BRM is gn dilemma
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- One LRU is known to be bad
- Another LRU {s known to be good -

THEN,. _{odc Hoot
szlgeselecting the bad LRU,% sheid be fRIQCQ

(2) Two LRU's Against One
IF
- Two LRU's have a problem
- The third LRU is good
- The problem with the two bad LRU's is such that TACAN RM may fail
the good

THEN (o\(,fd(QQ o W Le fﬂ/ecg

?:Zleeselectlng the two bad LRU'

(3) Not Two LRU's Loc{ed
I_E' Foc fﬂq ev\u)(.‘ar)\?(. sjsrEm
- Two LRU's are not locked
- One LRU is locked and good
- The data good flag is off !} J 7%
- The altitude is less than 130 000 ft RGP N an KO0, £

THEN /- /., .
'Fﬁdeselectmg the two unlocked LRU' SS}b,//l’ ﬂ“’"g

(4) Noisy LRU
IF
- An LRU has excessive noise
THEN, o e

-'ngeselectlng that LRY, sheld be #””0
(5) RM Failed Wrong LRU
7‘Q éw‘lcy?griC{ Sys JTM
- One LRU has a problem
- Another LRU is good
- TACAN has E;}led the good one OQ

THEN,,pe headd be 1R

,5:§L§eselect1ng the bad one,

(6) Deselect the LRU Duve 4= AOGO
IF
- The selected measurement from RM is not good enough to "GO for
TACAN"
- Deselectlng an LRU will remedy the situation ‘
&

THEN/('\(\ f\j . ]
- eselection of the LRUSho”J‘A‘ TR¢

(7) Deselect Two LRU's o

IF I
- Below 130K \
- Have not met the two-lock requirement in range

THEN
- Deselect the two bad LRU's. /
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-
o e e e -

- NOTE: If faced with either a bad range or a bad bearing measure-
ment, choose a bad bearing. -

Outputs S T

(1 Possibility of requesting a deselection of TACAN.

e.

b.

Support Computations

None.

.6.2 Deselect Configurations

General Information

Based on results from section 3.8.6.1, determine all reasonable dese-
lection combinations. Each combination is proposed as a separate
configuration. There are up to seven possible combinations.

The following is background information that should be contained in the
rules:

If one LRU is recommended for deselection, try all of the following
combinations of deselects:

- No LRU's (i.e., wait)

- Only the recommended LRU

- The recommended LRU with each of the other LRU's that is not comm-
faulted, not deselected, and powered on

If two LRU's are recommended for deselection (a and b), try all of the
following:

- No LRU's

only

only

and b

and ¢ (if ¢ is not commfaulted, not deselected, and powered on)
and ¢ (if ¢ is not commfaulted, not deselected, and powered on)

'
o p o

If three LRU's are recommended for deselection, try all - zero, one,
and two LRU combinations - involving LRU's that are not commfaulted,
not deselected, and powered on (seven possible combinations).

Inputs

(!)Possibility of deselection.
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Rules/heuristics/concepts

(1) Try Zero Deselects
IF
- Any LRU's have been proposed for deselection

THEN
- Propose a configuration where no LRU's are deselected (i.e., the

onboard configuration is left as is).

(2) Try One Deselect

IF

- An LRU has been proposed for deselection

THEN

- Propose a configuration where that LRU is the only one that is
deselected.

(3) Try Two Deselects é:
IF Fop fha evopgyoc! Spsiam
- An LRU has been proposed for deselection
- Another LRU is not commfaulted, deselected, or powered off
THEN
- Propose a configuration where both LRU's are deselected.

Outputs

(j)Proposed deselections.

e.

3.8.

Support Computations

None.

6.3 Predicted Availability

General Information

For each configuration in section 3.8.6.2, compute the predicted

availability of the three LRU's or how TACAN RM will respond to a

proposed deselection configuration.

An LRU is predicted to be available if

- It is available in the real configuration

- It is not deselected in the hypothetical configuration; otherwise, it
is predicted to be unavailable

Inputs

(1) TACAN availability

(2) TACAN lock status
(3) Data good flags
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d.

(4) Two lock flags

(5)

Relative errors .

Rules/heuristics/concepts

(1

(2)

(3)

Predict Available

IF For +he ?hﬂav)eca Sys 7&EM

- An LRU is not deselected in a proposed configuration
- That LRU is available in the real world

THEN
- Predict that the LRU will be available in the proposed con-

figuration.

Predict Not Available (Part 1)

IF

- An LRU is deselected in a proposed configuration

THEN

- Predict that the LRU will not be available in the proposed
configuration.

Predict Not Available [(Part 2)
IF For Y2 engaged spsjzm
- An LRU is not available in the real world

THEN
- Predict that the LRU will not be available in any proposed
configuration.

Outputs

Cgfredicted availability.

e.

3.8.

Support Computations

None.

6.4 Compute Configuration Data

General Information

87FM15

Compute the following for range and bearing within all configurations
from section 3.8.6.2:

- Bias of selected measurement

Noise of selected measurement
Data good flag

- RM dilemma indicator

Each of the above items applies to range and bearing separately.
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b. Inputs
() Predicted availability.
c. Rules/heuristics/concepts

(1) Predict Data Good Two Locked
IF
- Two LRU's are available in a proposed configuration

- Both LRU's areglocked on to a measurement currently
THEN ‘t__,/\————x,&————\—‘

- Predict that the data good flag for that measurement will be on ;;q
the proposed configuration. A

(2) Predict Data Good One Locked
IF
- At least one LRU is available in a proposed configuration
- That LRU is locked on to a measurement
- The two-lock flag for that measurement is off
THEN
- Predict that the data good flag for that measurement will be on
in the proposed configuration.

(3) Predict Data Good One Avail
IF
- Only one LRU is available in a proposed configuration
- That LRU is locked on to a measurement
THEN
- Predict that the data good flag for that measurement will be on
in the proposed configuration.

(4) Predict Data Good Off
IF
- No rule has predicted that the data good flag for a measurement
will be on in a proposed configuration
THEN
- Predict that the data good flag for that measurement will be off
in the proposed configuration.

(5) Predict Dilemma | /aféa§!
IF e
- Exactly two LRU's are availablgnfor a measurement in a proposed
configuration

=" Both Rt s are -tocked on to that-measuremsnt—
//t§; - The relative bias between the two LRU's exceeds the RM threshold
THEN
- Predict that the RM will declare a dilemma in the proposed
configuration.
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(6) Predict No Dilemma
IF 12 Q
- Not rule has,predicted that RM will declare a dilemma in tga\
proposed configuration

THEN
- Predict that RM will not declare a dilemma in the proposed

configuration.

(7) Predict Error One Level

IF

- The data good flag is on for a measurement in a proposed
configuration

- One LRU is available and locked

- The other two LRU's are either unavailable or unlocked

THEN

- Predict that the selected measurement bias and noise is the same
as that of the available LRU.

(8) Predict Error Two Level

IF

- The data good flag is on for a measurement in a proposed
configuration

- Two LRU's are available and locked

- The other LRU is either unavailable or unlocked

THEN

- Predict that the selected measurement bias and noise is the
average of the available LRU's.

(9) Predict Error Three Level

IF .

- The data good flag is on for a measurement in a proposed
configuration

- All LRU's are available and locked for that measurement

THEN

- Predig t?at the sglected measurement bias and noise is the same
as éurrentlxﬁ%gfécted by RM.

Outputs

(1) Predicted data good

(2) Predicted dilemma

(3) Predicted measurement bias and noise

Support Computations

For bias and noise

(1) Let mu-i, sigma-i = bias, noise on LRU i, i=1,2,3
mu-sel, sigma-sel = bias, noise on currently selected data
mu-p, sigma-p = predicted bias and noise for hypothetical
configuration
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(2) If configuration prime selects LRU i,
mu-p = mu-{i .
sigma-p = sigma-i

(3) If configuration averages LRU i and j,
mu-p = 1/2 (mu-i + mu-j)
sigma-p = 1/2 (sqrt ((sigma-i * sigma-i) + (sigma-j * sigma-j)))

(4) If configuration is (mid-value select) (MVS),
mu-p = mu-sel sigma-p = sigma-sel

Predicted data-good is ON if any of the following occurs:
- Two or three available and two locked

- Two or three available, one locked, two-lock flag is off
- Only one available and locked

Predicted dilemma is ON if all of the following occur:

- Two or three available

Two locked
Relative bias exceeds RM threshold

6.5 Configuration Acceptability

General Information

Determine which configurations are unacceptable. Of those, choose the
"best" (i.e., based on state error performance where best means the

smallest state error).

Range affects downtrack primarily; bearing affects crosstrack
primarily.

Range error should be minimized (with some consideration for redundancy
coverage) because range has a much larger effect on the STATE than does
bearing.

Inputs

(ltfroposed configurations.

c.

Rules/heuristics/concepts

(1) Do Not Want Dilemma
IF
- A proposed configuration will result in a dilemma in either
measurement
THEN
- Veto that configuration.
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(2) Need Range Data
IF -
- A proposed configuration does not have range data
THEN
- Veto that configuration.

(3) Do Not Have Bearing
IF
- A proposed configuration does not have bearing data
THEN
- Assume that the crosstrack state error under the proposed con-
figuration will be the same as the current crosstrack state
error,

(4) Predict State Effect

IF

- A configuration has not been vetoed

THEN

- Predict the effect of the proposed configuration on the state
error.,

(5) Pick Smallest State Effect
IF
- One configuration has a smaller predicted state error than
another
THEN
- Veto the configuration with the larger state error.

(6) Select a Configuration
IF
- All configurations that are going to be vetoed have been vetoed
THEN
- Select the only one left as the chosen configuration.

(7) Confirm a Deselect
IF
- An LRU is deselected in the chosen configuration
THEN
-~ Confirm the deselect suggestion.

(8) Deny a Deselect
IF
4 - The initial deselect determination suggested deselecting an LRU
fﬁﬁ;ef”kﬁ LRU is not deselected in the chosen configuration
“  THEN
- Deny the deselect suggestion.

(9) Deselect Confirmed
IF
- A deselect suggestion has been confirmed

THEN e s /u:,‘» acTiCN

- fkux¥4i§irecommenda%éigito the operaton(
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(10) Deselect Shortcut
IF
- An LRU has been suggested for deselection
- That suggestion has been confirmed or denied already
THEN
- Withdraw the suggestion.

d. Outputs
(j»Configuration acceptability assessment results.
e. Support Computations

For crosstrack error

For each configuration without bearing, set

mu-(p-b) = W state error / Cbb
where mu-(p-b) is predicted mean of the bearing from W crosstrack
ground-onboard comps.

For each configuration, compute "estimated state effect" as follows:

E = (SQRT (PLUS
--- (SQ (TIMES Crb Mu-r))
range effect /--- (SQ (TIMES Crn Sigma-r))
--- (SQ (TIMES Cbb Mu-b))
bearing effect/--- (SQ (TIMES Cbn Sigma-b))))

where, Crb = 1 ft
Crn = 1 ft
Cbb = 200 ft/deg
Cbn = 200 ft/deg

These constants represent the predicted STATE ERROR for each type of
TACAN error.

Crn and Cbn could be reduced to account for the effect of filtering on
measurement noise.

For each deselected LRU in a configuration, add TBD feet to E for that
configuration. This represents a factor for LRU redundancy considera-
tions and is based on the number of LRU's deselected in each configura-
tion.

3.8.7 TACAN Reselect Recommendations

a. General Information

None.
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b. Inputs

(1) TACAN availability
(2) TACAN locked status
(3) TACAN quality ratings
(4) TACAN fail flags

(5) TACAN deselect flags

¢. Rules/heuristiecs/concepts

Cl Reselect a TACAN

IFKC&R_ enoaoec SYSTEM

T A TACAN LRUis unavailable in a measurement due to RM declared
failure or deselect

- The LRU is locked and good in range

- The LRU is locked and good in bearing

THEN
- Recommend reselecting the LRU.

d. Outputs
(})Reselection recommendation.
e. Support Computations

None.

3.8.8 TACAN AIF Change Recommendations

a. General Information

TACAN data should be taken if it will improve the NAV state.
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TABLE 3.8-1.- CALL TO TAKE TACAN .

GND- GND- Two-range No. of Edit Call
RO/B RO/B Lock LRU Lock Ratio
. ___________________ -~
<0.5 <6 ON 1 <1.0 Deselect unlocked
n. mi. deg LRU's (range); take
TACAN
" " ON 1 >1.0 Deselect unlocked
LRU's (range); force
TACAN
" " ON >1 <1.0 Take TACAN
" " ON >1 >1.C Force TACAN
" " OFF N/A <1.0 Take TACAN
" " OFF N/A >1.0 Force TACAN
" >z=6 N/A N/& N/A NO GO for TACAN
deg
" N/A N/A N/A N/A NO GO for TACAN

NOTE: Whenever the highest of GND-O/B R and GND-0/B B is equal to or less
than 0.5 n. mi. and 6 deg, it is an indication that TACAN range and
bearing are good and within TACAN RM's miscompare limits.

If the TACAN two-range locked flag is on, it can be overridden by
deselecting the unlocked LRU's. When the unlocked LRU's lock on,
they have to be reselected before TACAN RM can process the data.

If the onboard navigation state is bad (edit ratio greater than or
equal to one), the TACAN measurement data have to be forced. After
several TACAN measurement cycles, the TACAN AIF flag can be set to
AUTO. Analysis shows that, for the edit ratio to be > 1.0, the
TACAN measurement residual must be > 15K ft.
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TABLE 3.8-11.- TACAN PROCEDURES SECTION -
THREE LRU LEVEL

Number of
LRU's having Calls
noise/bias

Three LRU's > All three LRU's show--range/or bearing bias/or noise;

toggle limit toggle limit we recommend toggle TACAN. After toggle
TACAN, repeat., Verify TACAN data.

Three LRU's < RM All three LRU's show--range/or bearing bias/or noise;

limit RM limit we can take TACAN,

Three LRU's = RM All three LRU's show range/or bearing, bias/or noise RM

LIMIT limit greater than RM limit; NO GO for TACAN

Two LRU's = RM LRU and show--range/or bearing bias/or noise, deselect

limit RM limit LRU--AND--; Take TACAN.

Two LRU's < RM LRU and show--range/or bearing bias/or noise, less than

limit RM limit. Take TACAN.

One LRU = RM limit LRU shows--range/or bearing bias/or noise; TACAN RM
will fail range/or bearing LRU--. We can take TACAN.

One LRU < LRU shows--range/or bearing bias/or noise less than RM

limit. Take TACAN.

Toggle limits 0.3 n. mi. range
2 deg bearing

RM limit 0.5 n. mi. range
6 deg bearing

NOTE: At initial acquisition, if all three LRU's show range/or bearing
bias/or noise greater than toggle limit, toggle TACAN from primary
to alternate TACAN station is recommended. If the noise/or bias at
the alternate TACAN station is larger than the primary TACAN sta-
tion, toggle TACAN back to the primary TACAN station is recommended.
If all three TACAN range/or bearing noise/or bias less than RM
limit, take TACAN.

If all three TACAN range/or bearing noise/or bias greater than RM
limit, NO GO for TACAN.

In the two LRU cases, deselect any LRU which has bias/or noise
greater than RM limit because TACAN RM will fail the good LRU. 1In
the one LRU case, if bias/or noise greater than RM limit, TACAN RM
will fail that particular LRU (range/or bearing only). Otherwise,
TACAN RM will mid-value-select measurement data.

Note that, when an LRU is deselected, both range and bearing mea-
surement data are eliminated from the TACAN BRM.
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TABLE 3.8-111.- TWO LRU LEVEL

Number of
LRU's having Calls
bias/noise

Two LRU's > Both LRU's show--range/bearing bias/noise greater
toggle than toggle limit; we recommend toggle TACAN.
Limit after toggle TACAN, repeat verify TACAN data.

Two LRU's =2 Both LRU and show--range/bearing bias/or noise RM
limit greater than RM limit; NO GO for TACAN.

Two LRU's = Both LRU and show range/bearing bias/or noise less
than RM limit; take TACAN.

One LRU = LRU shows--range/bearing bias/or noise; TACAN--will
RM limit go into self test. After self test is com-
pleted, take TACAN.

One LRU < LRU shows--range/or bearing bias/or noise; TACAN RM
will average the measurement. We can take TACAN.

Toggle limits 0.3 n. mi. range
2 deg bearing

RM limit 0.5 n. mi. range

6 deg bearing

NOTE: At initial acquisition, if both LRU's show range/or bearing bias/or
noise greater than toggle limit, toggle TACAN from primary TACAN
station to alternate TACAN station is recommended. If the noise/or
bias at the alternate TACAN station is larger than the noise/or bias
at the primary TACAN station, toggle TACAN back to the primary TACAN
station is recommended.

If both LRU's have range/or bearing bias/or noise greater than RM
limit, NO GO for TACAN.

If both LRU's have range/or bearing bias/or noise less than RM
limit, take TACAN.

If one LRU has range/or bearing bias/or noise greater than RM limit
(the other LRU has zero bias/or noise), TACAN RM will do a self-test
on both LRU's. After self test, take TACAN.

If one LRU has range/or bearing bias/or noise less than RM limit,
TACAN RM will average the measurement data, take TACAN.

NOTE: Self-test is done in the two LRU level only.
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TABLE 3.8-IV.- ONE LRU LEVEL

Bias/noise Calls
>toggle limit LRU shows--range/or bearing bias/or noise, we recom-
mend toggle TACAN. After toggle TACAN, repeat verify
TACAN data.
< RM limit LRU--shows range/or bearing bias/or noise less than RM

limit; take TACAN.

> RM Limit LRU--shows range/or bearing bias/or noise greater than
RM limit; NO GO for TACAN.

Toggle limits 0.3 n. mi. range
2 deg bearing

RM limit 0.5 n. mi. range
6 deg bearing

NOTE: If bias/or noise is greater than toggle limit, toggle TACAN from
primary to alternate TACAN station is recommended. After toggle
TACAN, repeat verify TACAN data.

If alternate TACAN station has larger bias/or noise, toggle TACAN
from alternate TACAN station to primary station is recommended.

If bias/or noise is less than TACAN RM limit, take TACAN; otherwise,
NO GO for TACAN.

(Skip if TACAN toggled already.)

If all three range LRU plots > 0.3 n. mi. and all three bearing LRU plots
> 2 deg [see note 1].

THEN:CALL: "Toggle TACAN, there is a bias in range and bearing."
After TACAN toggle, repeat verify TACAN data procedures.

If all three range LRU plots > 0.05 n. mi.,
THEN:CALL: "There is a range bias in all three LRU's in excess of the RM

limit. We are NO GO for TACAN."

If all three bearing LRU plots > 6 deg,
THEN:CALL: "There is a bearing bias in all three LRU's in excess of the RM

1imit. We are NO GO for TACAN." [See note 2.]

NOTE 1: If range/or bearings have bias/no noise greater than toggle limit,
toggle TACAN is recommended.

If the alternate TACAN station has larger bias/or noise than the
primary TACAN station, toggle TACAN back to the primary TACAN sta-
tion is recommended.
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NOTE 2: If all three range/or bearing measurements have bias/or noise
greater than RM limit, NO GO for TACAN. -

b. Inputs

(1) Data good flags

{2) Selected range error
(3) Selected bearing error
(4) Edit ratios

(5) TACAN AIF flag

(6) NAV error status

(7) Engaged system

Rules/heuristics/concepts

(Y Go to AUTO Rart—1) L
IF. AS s enaaa®
e

_a Yonale has been ReowsTen

- Ne 7A0an do((é/ﬁ‘%s Aave hoer
Résomm end e . k

- Data good is on in ran —No de/Ha - 5797(0 (8 111 +00R

- Selected range error i§‘¥

- Selected bearing error is e WP e¥ YLZ/éi

ATIIS ST o
- Range and bearing edit ratios are less thﬁi‘?ﬁﬁ?‘\\\\\\‘_' ji’ /e
- TACAN mg_m'ﬂfblted Proviousty s avéef“ob ©
THEN,, v omapdeid 7CQN

- Recommend go to AUTO mode.

(/) Go to AUTO (-pape—e& W— enoa FoRee.
e

4 IF ¢ho L4SS (5 onga
- TACAN is i@ force mode
- Both edit réilos are less than one

THENOI_ / crﬂa} FAaN
- R&Co end go to AUTO mode.

' no BPOIQr.UC"
(X) Go to AUTO"('*RG'F"-—%—)——Q w % ) - No 6q>£09\ LEGUPLTED

5 IF ft\Q pQSS IS @V\;QC)'? 5 - M. MOAN CIPS\)’O(“,‘S haup bnvt«\
bearing data good flag is Wo{ﬁ/ PeGoesr=D ootk
/%:nge data 1§ good - we de/ -srele /s 1n
aﬂg error is ress—thamV{dewntrack—positive errUtZ}wn apﬁtYniab/e
- Range edit ratio less than one
THEN | —— = Tacan i3 ocrpevter nhh fed

- Recomménd’éo to 'AUTO mode.

(ﬂ6 Go to AUTO After Delta State (Position and Velocity) Is Done

- For, engaged system«sta%ehﬁww%ﬁﬂr—————szi;-‘»

- Data good is ON)n range and bearing - Ne +0q )t as been RECGL @R

S Delta state is In work I o ente e hreon
- ﬁangg érror is ress tham RN TTRIL S, Ne ﬁ”“"‘

- Béﬁ?lﬁé error §§’Lﬂn;£han4%+&tmt§l LECvesTEN
~ TACAN is,inhibite

( owtlo-«* %L/e
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THEN
- - Recommend go to AUTO after delta state (position and velocity) is

doners, CO'vy)/(P?‘Q .

- (’{) Go to Inhibit « ecQ
IFI& Pess eng @0 |
7 R -Ne 3 N wORk
-ﬁState error is good or sum‘\——““” Ne Jp/ﬁ gmt +3/

- Range edit ratio is greater than one vehicle s
OR bearing edit ratio is greater than one whileﬁ not in cone,‘o‘F con}us: ON
- TACAN i{s not inhibited

THEN, el TACAN
- Rezgﬁ‘é’?};"gé to INHIBIT.

Go to Force PCO
N IF o PASS 5 R4 S
< Data good is ON in range and bearing - Ne *033/2 hao been REGoesZN

- Ne Tacen 0((99(//007‘3 hav € boen

-Eop—eﬁgaged-system--stateﬂ,-m—?,—\
—State—its—bad—C— REGesTE D

~—

-%90 delta statg is in work ;
-‘é aUgs error isgtess—than—fM dimit = oce Yol e
_nﬁearfﬁg error i qup. . amez;w‘oé fo

- Ejtherqedit ratio is greater than one (inclusive OR)

TH A
3 3 pese) Rex OR BeaRING-
Ré‘co’r’r’lmé“f?‘d;*g’oa“t’é‘ FORCE. . M N
_ = Tacan s no7 Bere {;MQCQ
d. Outputs
TJacan AIF

(1) pRecommendations.

e& Support Computations

- Nore—>" '
ed F Ratros So no? QST LR BES pﬂoorc() <) Foa Fron.
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9 BARO ALTITUDE

9.1 Baro Measurement Quality

General Information

This group of rules determines whether or not baro altitude measure-
ments are good. If they are bad, the rules attempt to determine the
reason.

The Mach jump region is generally Mach 1.6 to 1.1. Roll reversals are
characterized by a roll rate greater than some threshold.

Inputs

(1) GND-0/B baro altitude
(2) HSTD status

(3) Role rate

(4) Mach jump indicator
(5) Engaged system

Rules/heuristics/concepts

(1) Okay to Perform Baro Checks

IF
- Mach is greater than 5 or in Mach jump region
THEN
- Do not perform any baro checking.
,nthe
(2) Baro Is Good ( asa%
IF ~

- For engagedsystem rh€ /oss =r=TEM
- |delta sel| s |delta Z| + 500

- Baro wasynot known to be good previously
- The HSTD is good, —————n_ ———

THEN
nﬁ;@%% is good.
n"“fq
(3) ?;ro Is Bad f’assé;

- For engeged—aystem— /o [Toox 5yo /&M
- HSTD is good
- |delta sel] > |delta 2| + 500

- Baro was,good or unknown previously

THEN o vreontl.
/2:%131 OY ? fb ‘ﬂ +

r .
f aro 1s bad
(4) Roll Reversal

IF
- Baro is bad
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- The vehicle is executing a roll-reversal

NF N;' ﬂ*m %ﬂf
-; arb is bad because of roll-reversal.

(5) Crew Call
IF
- HSTD is not good

,ﬁ%N aator that
N ifis crew call.
Outputs

Baro altitude quality 9;
s Prew call message

%) o] pevefsal PSS ATy
Supporu Computations

delta sel = GH - sel measurement * (/0/7/‘7 T means Fweo (JgoﬁPfo;/‘f’/N(rS
lpf‘v'\ "" f"' what syoram’is ene Q(Pc(’. For tte f”OsS e/ 2 1S
r)IP(‘“Q v f fec hie ‘F&R VsE Fbﬂ' 7"/“‘-’ BRFS (7’»/71(7 2 musy b€ ((’ﬂ/b’f(»’((, Sl

Rov n VEeRSE ,
.EhQBa oeFlAég Status BFS "u" srate veerek (pm/z,vpnv‘o/ﬁ(e»ppnm

General Information

This group watches for changes in the baro altitude filter flag. It
also watches to see if the change is caused by entering or leaving the
Mach jump region.

Inputs

(1) Baro filter flag
(2) Mach jump indicator

Rules/heuristies/concepts

(1) Enter Mach Jump
IF
- The vehicle was not,in the Mach jump region previously
- The vehicle is now in the Mach jump region
THEN
- Notify the operator that the Mach jump region has been entered.

(2) Leave Mach Jump
IF
- The vehicle wastln the Mach jump reglontprev1ouslxg
- The vehicle is now out of the Mach jump region
THEN
- Notify the operator that the Mach jump region has been exited.

(3) Baro filter flag changed
IF e
- For engaged system
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- The current value of the baro filter flag is different from its
previous value

THEN

- Conclude that the value has changed

- Notify the operator{@fo‘;he new value GaTprocess B—&
AN

Outputs
n ' fee }
(1D Bare L Hee Flag yalve

Status messages. < ¢ éQ meee h WP Qkéug

Support Computations

None.

.3 Baro Recommendations with Ground Available

General Information

This group recommends a setting for the AIF switch when the ground
state is available.

Inputs

(1) Baro filter flag

(2) Baro AIF flag

(3) Baro altitude quality

(4) HSTD status

(5) Baro edit ratio CO*“ Y oz, la EI@ w, Fh Pf’gg)

(6{ TACAN range filter flag

L7 Q(O& Sy —)72'7“
Rules/heurlst1cs/concepts

(1) Baro to AUTO
IFFaQ-ﬂQ,ﬁbe( 5 7S 7™M
- Baro is good
- Baro edit ratio is less than one(ﬁ)
- Baro is inhibited

T ( ( t\a‘ﬁ:&‘ %fd’
;%grgtls GO for NAV,

(2) Baro to Force '
IF 'p-/ﬁ‘ froa Sysiara
- Baro is good
- Baro edit ratio is greater than one(j\
- Baro is not being forced
THEN
- Recommend forcing baro.

(3) End Baro Force

EF‘3f>7ﬁg [Hee 5T ST
- Baro is good

3
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- Baro edit ratio is less than one (Ez> .
- Baro is being forced

THEN

- Recommend returning baro to AUTO.

(4) Baro to Inhibit Q
IF zpp Hhe engagech ©7976mM Jon
- Baro is bad - Tt ‘/p/,,(/‘; is nel in e /?L’CAJL)»-/’ ReQ
- Baro is not inhibited
THEN
- Recommend that baro be inhibited.

Qutputs
Recommen%\AIF setting.
Support Computations

None.
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3.10 THE MICROWAVE SCANNING BEAM LANDING SYSTEM

-~

The first thing to be done in the MSBLS section overall should be to check
the landing site data table. If the MLS is not available at that site, no
part of the entire MLS rule set should be invoked. Also no MLS is in the
BFS.

3.10.1 MSBLS Availability

a. General Information

Availability is determined by several values as follows:

- Not commfaulted
- Not failed
- Powered on

This group determines which LRU's are available. It also determines
why the unavailable LRU's are unavailable.

b. Inputs

(1) Commfault flag
(2) Power flag
(3) Fail flag

¢. Rules/heuristics/concepts

(1) MSBLS Commfault
IF
- The LRU is powered on
= MLS LRU was “°tQ%ETE%%E%EEEAEEEXlggéll
- The commfault flag ftor that LRU is now on
THEN
- Notify operator that the LRU is commfaulted (unless the whole

string is down).
- Conclude that the LRU is no longer available due to commfault.

(2) MSBLS Commfault Clear
IF
- An MLS LRU was;commfaulted, previously;
- The commfault flag for that LRU is now off
THEN :
- Notify operator that the commfault for that LRU has cleared (un-
less the whole string was down).
- Conclude that the LRU has the status indicated by the fail flag.

(3) MSBLS Failed
IF
- An yLS LRU wasAgyailable[ggevious{!j
-%ﬁ’f‘ail flag for that LRU is now on

3.10-1



87FM15

THEN
- Notify the operator of the LRU failure.
- Conclude that the LRU is no longer available due to RM failure.

(4) MSBLS Power Off
IF
- An MLS LRU wasgpowered on,previously
- The power indicator Tor that LRU is now off
THEN
- Notify operator that the LRU has lost power.
- Conclude that the LRU is not available due to loss of power.

(5) MSBLS Power On
IF
- An MLS LRU wang%!ered off; previously ,
- The power indicator for that LRU is now on
THEN
- Notify operator that the LRU has been powered on.
- Conclude that the LRU has the status indicated by the fail flag.

r%) MSBLS Availability
IF

- An LRU is powered on
- An LRU is not failed
- An LRU is not commfaulted
THEN

- The LRU is available.

(7) Three MSBLS's Available
IF
- All three MLS LRU s are available
THEN Covelvde Hhat

A number of available MLS LRU's is three.

(8) Two MSBLS's Available
IF
- MLS LRU A is available
- MLS LRU B is available

- MLS LRU C is not available 4uhe9e—A——8T—aad—é—represeﬂiraﬂy~of'4:;\
THEN (ol +hred

“A e number of available MLS LRU's is two.

(9) One MSBLS Available
IF
- MLS LRU A is available
- MLS LRU B is not available

- MLS LRU C is not avallable #uheae—A——{H—éuuLiLqunxnuuunguL5&L(
A%

number of available MLS LRU's is one.
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(10) No MSBLS Available
IF -
- All MLS LRU's are not available

THEN ool Qg ot

a
A e number of available MLS LRU's is zero.

Qutputs

O) MSBLS LRU availability.

e.

Support Computations

None.

3.10.2 MSBLS Lockon Status

a.

General Information

This group determines how many LRU's are locked on to range, azimuth,
and elevation.

Inputs

(1) Estimated altitude
(2) MSBLS lockon flags
(3) LRU availability
(4) Runway state vector

Rules/heuristics/concepts

(1) Check Channel
IF
- At least one MLS LRU is available
No LRU is locked on to one of the measurements (i.e., range, azi-
muth, or elevation)
The vehicle is below an altitude of 13 000 ft

THEN, . {1 oporater poeds +o

A that the MLS channel numbe;)be verified.
(2) Three MSBLS's Locked

IF

- All three LRU's are available

- All LRU's are locked on to a measurement~G£7eTT—+aﬁge7—az+ma{h,C;Z3

THEN(O.‘n(u({'E‘ ‘ﬂ«c

- e number locked for that measurement is three.

- If the number locked previously was zero, notify operator that
MLS is locking on.
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(3) Two MSBLS's Locked
IF -
- LRU A i3 locked on to a measurement
- LRU B is locked on to the same measurement /s
- LRU C is not locked on to the measurement or,not avallable {meae&

¥ ? ’ ’ ?

THEN(aAr'WR{%ﬂ‘f
- fhe number of LRU's locked on to that measurement is two.

- If the number locked previously was zero, notify the operator
that MLS is locking on.

(4) One MSBLS Locked
IF
- LRU A is locked on to a measurement
- LRU B 1s not locked on to the measurement

o o VL

Q not avallabl ,4.5
S LIS o—Ta 7

THEN (o dude ;EC’}

e number of LRU's locked on to that measurement is one.
- If the number locked previously was zero, notify the operator
that MLS is locking on.

mis CRH WIS pRey,o:

(5) No MSBLS Locked py e /pd_,f PRy
IF /E/I}Dck?d onto *a measvREMEN

- At least one LRU is availabl >

- No LRU is locked on to that measurement 4maaeunemen:.na&kum;:;;fzz\
THEN (oo Hack ~—

- JXhe number of LRU's locked for that measurement is zero.
- Notify operator that the MLS lost lock.

— I
(6) Wide Landing

IF
- Y/X > tan 13.5 deg (as shown in figure following) ———”GEL\._,/

THEN
- Notify operator of possible "out of MLS cone" condifjfii;J

d. Outputs

(V) Number of MSBLS's locked.

(.2) lock S T7@TVS MESS24eS
Support Computations

None.
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— Yy — TS '
N\ .

.

runway
T Space Shuttle direction of flight

3.10.3 MSBLS Error Checks

a. General Information

Check plots. For each available and lock measurement, calculate b (y-
intercept) and sigma (noise). Wait for about three points, then com-
pare b and sigma verses the RM limits.

Range = 2000 ft
Azimuth = 0.5 deg
Elevation = 0.4 deg

IF the b or sigma is = the RM limit
THEN that measurement's status = Bad

IF the b or sigma is = 1/2 the RM limit and < the RM limit
THEN that measurement status = Suspect

IF the LRU is not available or not locked on
THEN that measurement status = None

This group checks measurement errors and determines the quality of the
three LRU's.

b. Inputs

(1) MSBLS LRU lock flags
(2) MSBLS availability
(3) Quality ratings

c¢. Rules/heuristics/concepts
(/) MSBLS Error Change
1F /

-(Either) the noise or bias on a measurement has a different status
than it did previously
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THEN
- Notify the operator of the new status

(26 MSBLS LRU Quality (Part 1)

3 IF

- An MLS LRU is unavailable or unlocked in a measurement
THEN
- That LRU has no quality rating for that measurement.

(,é) MSBLS LRU Quality (Part 2)
IF
- An MLS LRU is available

- The LRU is locked on a measurement
- The noise and bias ratings on the measurement indicate a quality

rating different from the one,given to the LRU, previousl
THEN (ol oo Fheat TR 1S a A

new quality rating for the LRU.
Outputs
U') MSBLS LRU quality.
Support Computations

None.

.10.4 MSBLS Flag Status

General Information

Note any changes in data good flags and inform ONAV operator; i.e.,
good-to-bad or bad-to-good.

Print dilemma messages if dilemmas occur. Also note changes in proc-
essing flags, not-processing or processing. After start of processing,
check state error (PASS). If error increases, force TACAN.

This group watches for changes in the MLS data good flags and filter
flags.

Inputs

(1) MSBLS filter flags
(2) MSBLS data good flags
(3) MSBLS dilemma flags

Rules/heuristics/concepts

(1) MSBLS Filter Flag Changed
IF

3.10-6



{ 1 OUA

{

S OOUARES

100 Hf s T

1072,
30237

GOtD Kt Y

MX) LHEETS 5 S5QUARFS

() Twtal MSBLS Check

IF
- /UO ua/% §)‘<?7€57m0n“/' Aos 7/0‘# AOPA }'hq&éa afOC 7

measuﬂempn
- Jhe meesveemont- A,as /3wy 7‘4,, Fohapcrnel
- f%'?- measuRe mentl no/se s w /'\ 71‘0/'9100/11@

HEN
:f— fUO 71/ ?/)@b}é,{ ﬂa)“ 7‘4@ megsiromen’t | Bﬁoocj




——d i e

T v M Y hg v ng H 141 A v " Y M g ~r amm———
ﬁ H Co P | [ o , I 4 P I ' : | P
T 4»,\ 4‘1#1! 4+ e e e 4 = 1 - - B v ‘v 4, ﬁ + a - 7. 4 + + . -+ +
. : j !
! . | | .
: i : I : i : i
+ et e I e S e e e IS “t + ‘, t ‘. ' + 1 A ¢ t ¥ 3 4 . t v + 0
| P i , A | , [ o ! I _ W
- — —-—t A (e by . A t tod Tt 1 H ! Co ! ,. M
! ' ! t ! . : .
; ! | H 1 b ) ! ' :
-+ + ‘ - J?\w?\iw‘\\\‘ﬂ‘ +- ooy . . - 1 ' ' } ¥ ¥- -t ‘ . . ‘ . - 1
i k : i | . ! : ! | | I ' .
i | i : . ! ! I ! .
— \ t——d—" ” — +—— + e , —~ et )
, o : : P A W o oy
* 1 + - - 4 . e Y%‘ ,« —4 -4 . . + i . 4 ‘ ﬂ ﬂ ,& - ﬂ + . + . H 1 + .
i ! . o , oo b
‘ -+ + R RS Sl S + + . + 3 t t 1 v t + . 1 . 0 1 40t .
} : i ! : ) : | ; . :
' ‘ i ; | ;
+ -+ D asband 4 - [RpO W ¢_ -+ * . ~+ . . v T “ . A ,< - - + . + “ 4 ' R +
J ! ! 1 : : )
! | h !
4» -+t b g — 4 - v- . . - + - + 4 v + - -y T ' . . ‘ . + j + + .
' : i ' i ' : i .
i , 1t — -y e — PESS  S SRS S S
i ! ' ' i ' . ; ! ' !
||||.4,||4||,1! - ~ . + . . * + ’ . . . ' ' i ) ‘ i . + 1 ‘ y 1 ¢ 4 + + .
i , : ! . : ! : i i : ) ;
i I
L S S oo PR . . , ro 3 b . [ , . N ‘ P
; J | . : ,
' ' i . | i : .
ﬁ(lfll*llo'r R . . N -y 1 ¥ ‘ . 4 ' + 1 ' + ,* . + . . ' , . ¢ . ‘
' : . . . I . |
bt e . . ~ N ¥ . . + . . 1 + + + + . - ' . . . i . + '
| . .
- 4 i N e R TR S
. , i M :
- . - b + - . . 1 . - . + + 4 - [ . - . . . . . .
| ! o
oa - - - + > + . 1 t * *+ m + + * A . A 4,‘ + e A ‘ * * !
| i - i .
. i |
. : 1
b e e - - . . [N . . . . . . . ' . H . - f ‘ . , . . . .
' ' ' !
oo e - - . . . + + N . » . 1 [ “ + . ' . 0 . ] ,
i " |
t 1
. , ’ - E— ——— + —— e . e SR I
. H ' i h ]
P SR — e s | . . . - 1 - . 4 + B + 4 . . ; .
1 j :
. : : . ! .
T . . . . , N \ i . . N N ] ; .
|
SO P . e b . o A v
Do i L !
L — e . . . ' . . . i , . ; C i . i . . .
| : !
—— b R + R SR, e
S . . - ' . - . . . . ' , . f . . .
! . : ;
. ! |
R e ﬁ. + - . . . . . { - . . [ + . ) 1
b e - e . v B v * N . N 4 . \ ' ' ) '
I i . i ! *
e e . . . . K + . - N f . ¥ ' . . . . . i '
i ' ! ! f
!
R - e + + + B yoo . o4 .
: I P W . !
UG . s . . . . . } s ¢ | . i ' . , . ' . . V .
h | , | | | |
e e e e e . PN _ L. S P ; ;
b e e . . . R . R R . } 4 . } , . . i .
1 ! [
g g . e . i , Voo e . . ;
. . I .
. i ; ;
. oA , i - { Lo



d.

E7FM15

- The current value of a MLS filter flag is different from its
previous value ~

THEN

- Conclude that the value has changed.

- Notify operator if the new value is "process."

(2) MSBLS Data Good Flag Changed

IF
- The current value of an MLS data-good flag is different from its

previous value
THEN
-~ Notify operator of the new value.

(3) MSBLS Dilemma

IF

- MLS dilemma flag is on for any measurement

TH@EN AﬂZéiyoperatorM 7{9 MNLS m ""“'A“mg‘\/ s m o /émmc(
Outputs

())MSBLS status messages.

e.

Support Computations

None.

3.10.5 MSBLS Recommendations

a.

General Information

For each measurement type, count the number of LRU's with noise or bias
greater than the RM limits.

This group determines what actions need to be taken on the MLS to keep
it from corrupting the NAV state.

No. available No. locked Count Action

3 1 1 None

2 1 Deselect bad LRU
"~ (power off or flip thumbwheel)
2 Force TACAN
1 RM will fail LRU
2 Deselect bad LRU's
3 Force TACAN
1 None
1 Deselect bad LRU's
2 Force TACEN
1 Force TACAN
0

N/A N/A Skip MSBLS section
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Note that, with the preceding table, there is the possibility of redun-
dant commands or of getting rid of all of the MLS data without -forcing
TACAN's. Other subsystem interactions and variations on response also
are determined by flight rule: no navigation input will be used that
will cause the NAV state to degrade.

Inputs

(1) MSBLS availability
(2) Number of MSBLS's locked
(3) MSBLS LRU quality

Rules/heuristics/concepts

(1) Three-level MSBLS Deselect 1
IF
- Three LRU's are available
- Two LRU's are locked on

- One LRU is bad
THEN Yo 70 °f ﬂa?l’?ﬁ W
- Recommend deselectlng the bad LR
(2) Three-level MSBLS Force TACAN 1
IF
- Three LRU's are available
- Two LRU's are locked on
- Two LRU's are bad in the same measurement
THEN + oPMa‘roR
- Recommenqﬂforcing TACAN.
(3) Three-level MSBLS RM Fail
IF
- Three LRU's are available
- Three LRU's are locked on
- One LRU is bad
THEN ot pam{bf\
- Recommend Jeselectlng (for a noise problem) or waiting for RM
isolation (for a bias problem).

(4) Three-level MSBLS Deselect 2 ¢ Ru ’5
IF
- Three LRU's are available
- Three LRU's are locked on
- Two LRU's are bad in the same measurement
THEN e peater
- Recommenqndeselecting the bad LRU's.

(5) Three-level MSBLS Force TACAN@—-Q

IF

- Three LRU's are available

- Three LRU's are locked on

- Three LRU's are bad on the same measurement

3.10-8



87FM15

a:h'/DA
THEN o R of e sk bod measormost on /T IA
- Recommenqnforcing TACAN "Y€ '
(6) Two-level MSBLS Deselect
IF
- Two LRU's are available
- Two LRU's are locked on
- One LRU is bad +0ﬂ
THEN I

- Recommendﬁdeselecting the bad LRU.

(7) Two-level MSBLS Force TACAN
IF
- Two LRU's are available
- Two LRU's are locked on
- Two LRU's are bad in the same measurement
THEN t2 e openator
- Rec:ommend,1 forcing TACAN.
(8) One-level MSBLS Force TACAN
IF
- One LRU is available
- One LRU is locked on
- One LRU is bad 401
THEN fo He cpt

- Recommend/lf‘orcing TACAN. -4 S(J@(q(oﬂ Tatan ’“0"5"'@9“0“‘\/

S NO Ao
(9) Do Not Force TACAN f 3
IF
- rcing TACAN is recommended -

THEN v ]

- Cancel force TACAN recommendation;
- Recommend, powering off MLS.

T 7 S raroR
d. Outputs C7W€
(J)Recommended actions.

€. Support Computations

None.

3.10.6 MSBLS Effects on State Errors

a. General Information

This group checks to see if MSBLS processing makes the state error
worse.
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87FM15

b. Inputs

(1) GND-O/B state error
(2) MSBLS filter flags

¢c. Rules/heuristics/concepts

(1) Error Before MSBLS
IF
- At least one LRU is locked on range
- No MLS is being processed
THEN

- Remember the current worst-axis state error.
(2) Error After MSBLS
IF

- MLS is being processed
- TheC¥tAtE error is worse than before MLS was processed

THEN 1o Opeatcr
- Recommend/\f‘orcing TACAN"!‘“& Yo srﬁl ER AN 3{30‘“‘4"« 'Pﬂom mes

d. Outputs
(£>Recommended action.
e. Support Computations

None.
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3.1 HIGH-SPEED TRAJECTORY DETERMINATOR/\AJWA” TOR IN
a. General Information

These rules have the task of determining the status of the HSTD state
vector and depend primarily on operator input. The rules can detect
when the filter is stopped and some situations where the filter is not
converged. In addition, the operator can indicate when the filter is
bad. The operator must specify when the filter is good; the rules
never do that automatically.

The overall rationale is that it is better to assume ground is bad and
not make some recommendations rather than assume that ground is good
and encounters bad recommendations. The issue is to keep consistency
between ONAV expert system recommendations and ground status (which is
available only over the "loop").

b. Inputs

(1) Operator input
(2) Ground NAV expert system (not yet available)
(3) Internal rules in the ONAV expert system

¢. Rules/heuristics/concepts

(1) Start HSTD
IF
- The HSTD has not been running
- The "stopped" indicator is off
THEN
- Conclude that the HSTD is running but has not converged.

(2) HSTD Bad
IF Is
- The HSTD +was good
- The operator entered the HSTD bad indicator
THEN
- Conclude that the HSTD is bad (not converged).

(3) HSTD Good
IF .S
- The HSTD was bad
- The operator entered the HSTD good indicator
- At least 10 sec have elapsed since last restart
THEN
- Conclude HSTD is good.

(4) HSTD Stopped
IF
- The HSTD is running
- The stopped indicator is on

3.1141
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THEN -
- Conclude that the HSTD has been stopped.

(5) HSTD Editing
IF VS

- The HSTD was good

- Less than three stations are being processed

- A given station is not being excluded

- Data is coming from that station

- At least one good measurement of a given type was available from
that station

- Ali of the measurements of that type from that station were
edited by the filter

THEN

- Conclude that the HSTD is bad.

(6) HSTD Prop
IF 1S
- The HSTD was“good
- The prop flag is on
THEN
- Conclude that the HSTD is bad.

(7) HSTD Covariance
IF -
- The HSTD was-good
- The root sum square (RSS) position or velocity covariance
diagonals are too large
THEN ‘
- Conclude that the HSTD is bad.

(8) HSTD Restart :
IF s pe #570 15 am//aé/é
Z The HSTD restart flag is on
THEN
- Conclude that the HSTD is bad.
- Record the current time as the time of the last restart.

(9) No Ground Data

/ IF T )
/ - No ground data available _ A
% THEN | t -

k_ﬁ\ - Make a statement on NAV as it relates to BFS transfers. }

d. Outputs
HSTD health (good, bad, not running, not available).
e. Support Computations

None.
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SECTION 4
GENERAL ISSUES .

What will ONAV expert system do when data is not available or when
messages are not acted upon?

What are the ONAV operator interaction considerations?
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